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INTRODUCTION. 



Patholoqt treats of the origin, nature, coarse, and 
causes of those changes in the body which constitute 
disease ; Morbid Anatomy or Morbid Histology, of the 
actual alterations in the tissues which the disease has 
produced. The former is therefore comparable with Phy- 
siology, the latter with the Histology of the normal 
tissues. 

By disease is understood some deviation from the state 
of health ; a deviation consisting for -the most part in an 
alteration in the functions, properties, or structure of some 
tissue or organ, owing to which its office in the economy 
is no longer performed in accordance with the normal 
standard. 

Diseases are commonly divided into two classes — 
organic suid functional. The former comprise all those 
-whicli are attended by structural change ; the latter those 
in which no such change is discoverable. Whether it be 
possible for the function of an oi^an or tissue to be ab- 
normally performed quite irrespective of any alteration in 
its structure admits of some doubt. At all events, as our 
methods of minute investigation improve, and our know- 
ledge of morbid histology increases, the dass of func- 
tional diseases grows less; and although there still 
remain a large number of diseases in which we are unable 
to recognise any alteration of structure, and which must 
therefore still be described as functional, it is probable 
that all disease will ultimately be found to be attended 
by more or less material change. 



2 INTRODUCTION. 

As health is itself merely a relative term and implies 
no definite performance of the processes of life, so disease 
is equally indefinite ; it cannot be separated from health, 
by any well-defined boundary, the one passing by in- 
sensible gradations into the other. 

Disease is thus, in most cases, an abnormal performance 
of those processes which constitute life, and a knowledge 
of these processes must therefore necessarily precede the 
study of pathology. Life comprises the formation and 
maintenance of the tissues and the exhibition of their 
various functions. Such formation and maintenance, 
which may be included under the general term of Nutri- 
tion, consist in the continuous supply of new material, 
the separation of this from the blood and its appropria- 
tion by the tissues, together with the removal of the pro- 
ducts of their waste. Function is the special manifestation 
of the life of the part, as distinct from its growth and 
the maintenance of its structure ; in the secreting cell, 
consisting in the alteration of the substances abstracted 
from the blood to fulfil some special purpose in the 
economy; in nerve, in the transmission of impulses of 
motion and sen§ution, &c. The performance of function 
is obviously dependent upon the state of nutrition. When 
both of these are normal the condition is one of health, 
when abnormal one of disease. 

As in health the nutrition is principally dependent 
upon the solid tissues, these abstracting, appropriating, 
and altering the material which is supplied to them by 
the blood ; so in most forms of disease it is these tissues 
which play the more important part, and alterations in 
them are amongst the most frequent of the morbid 
processes. 

The supply and composition of the blood must obviously 
at the same time constitute most important factors in 
disease. Owing to the intimate relation which subsists 
between the blood and the solid tissues, any alteration in 
the supply or composition of the former must exercise 
more or less influence upon the nutritive processes. In 
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regarding the blood, however, as an element in the 
causation of disease, it must be borne in mind that this 
fiaid is in a state of constant dependence upon other parts ; 
its component elements are derived from external sources 
and undergo continual change, and although possibly under 
certain circumstances it may become altered by virtue of 
changes in the nutritive activity of its cellular elements, 
alterations in its constitution must in most cases result 
either from some change in the process of its formation, as 
from the ingestion of improper or insufficient food, mal- 
assimilation, or disease of the lymphatic structures ; 
from changes in the secretory or excretory processes ; 
or from the introduction of foreign substances, derived 
from extraneous sources. Whilst, therefore, alterations 
in the composition of the blood may be important agents 
in the production of diseased processes in other tissues, 
such alterations are in most cases secondary to some 
abnormality in its formation or depuration, or to its con- 
tamination by substances derived from without. Owing 
to the facility with which it becomes the recipient of 
foreign substances, it is often the first tissue to become 
altered, and it not infrequently constitutes the principal 
seat of the diseased process. This is the case, for example, 
in many of those diseases which owe their origin to 
the introduction of minute organisms, as the contagious 
fevers. 

The blood may also play an important part in disease 
owing to its white corpuscles passing through the walls 
of the blood-vessels into the surrounding tissues. This 
occurs in the process of inflammation, and probably also 
in the development of many of the new formations. 

Lastly, the influence of the nervous system must be 
taken into account in considering abnormal conditions of 
nutrition and function. This, by regulating the circulation 
and supply of blood, must to a certain extent control 
tissue-change. The results of experimental and clinical 
observation render it exceedingly probable that many 

nerves also contain fibres which exercise a direct influence 

b2 
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upon nutrition, independently of tHat whicli is due to 
their vaso-motor filaments. In supi^rt of this view may 
be adduced the well-known observations of Ludwig and 
Heidenhain on the influence of the chorda tympani upon 
the secretion of the submaxiUary gland, which prove that 
the increased secretion which results from the stimulation 
of this nerve is due to an increased activity of the se- 
creting elements of the gland and not to changes in the 
blood-vessels. Eecent histological researches, also, which 
are tending to show that nerve-fibres terminate in the 
ultimate elements of nearly all tissues, and the fact that 
rapid atrophy of muscles follows lesions of certain portions 
of the nervous centres and many injuries of the nerve- 
trunks, render it exceedingly probable that the nutrition 
of muscle and glandular organs, if not of many other 
parts, is more or less under the direct influence of the 
nervous system. 

The first part of this work will be devoted exclusively to 
the consideration of morbid processes which are charac- 
terized mainly by alterations in nutrition ; the second, 
to changes in the blood and circulation ; and the third, to 
the process of inflammation. In considering the several 
morbid processes, the general pathology of each process 
will first be described, and subsequently the same process 
as it occurs in the diflerent organs and tissues. 



CHAPTER I. 



THE CELL. 



As the most importaut element in nutrition, both in 
health and disease, is the activity of the tissues them- 
selves — the supply of nutritive material, although an 
essential, being merely apasHwe part of the process — it 
becomes necessary to consider, somewhat minutely, those 
parts of the tissues in which this activity resides. 

Ever since Schwann discovered the cellular nature of 
animals, and established the analogy between animal and 
vegetable cells, there has been a gradually increasing 
conviction amongst physiologists, which has now become 
an universally accepted physiological and pathological 
doctrine, that the cell is the seat of nutrition and func- 
tion ; and further, that each i/ndimdual cell is itself an 
independent organism, endowed with those properties, 
and capable of exhibiting those active changes which are 
characteristic of life. Every organised part of the body 
is either cellular or is derived from cells, and the cells 
themselves originate from pre-existing cells, and under no 
circumstances do they originate de novo. 

Whilst therefore the whole body is made up of cells, 
or of substances derived from cells, and the cell is itself 
the ultimate morphological element which is capable of 
exhibiting manifestations of life, it must be borne in mind 
that in a complex organism, the phenomena of life are 
the result of the combined activity of innumerable cells, 
many of which possess distinct and peculiar functions. 



6 



THE CELL. 



Fig. 1. 



and tHat by their combination they become endowed with, 
new powers, and exhibit new forces, so that although 
each individual unit possesses an independent activity, 
it is in a state of constant dependence upon others with 
which it is more or less intimately associated. 

Constitution of Cells. — When the analogy was esta- 
blished between the animal and vegetable cell, the former 

was held to be constructed in all cases 
upon the same principle as the latter, 
and to consist of a cell-waM, enclosing a 
cavity, in which were contained a ntf^cletis 
and fluid contents, (Fig. 1.) This was 
the idea of the cell held by Schwann and 
Eemak, and supported especially by Vir- 
chow, who maintained that these three 
constituents were essential to its vitality 
and existence. 

During recent years, however, this de- 
finition has been modified. The existence 
of a cell-wall was in many cases not evi- 
CeiUfrom a can- dent. In embryonic cells, in those of many 

cer. Showing cell- rapidly growing new formations, and in 
wall, cell-contents, ., 111.11-1 j t ■. 

nuclei and nu- *"® 0^"^ ^* blood, pus, and mucus no iimit- 

oleoli. The nuclei ing membrane could be demonstrated. 

dividing. rpj^ig ^^ ^ ^ ^^^ definition of the ceU by 

Leydig and Max Schultze, who held that a little mass of 
matter enclosing a nucleus was all that was necessary for 
its constitution. The latter of these physiologists not 
only rejected the cell- wall as an essential constituent, but 
established the identity of the mass of matter (cell- 
contents) with animal sarcode — a contractile substance 
existing in the lower animals — and showed that, like it, it 
was endowed with the power of spontaneous movement. 
This substance he called protoplasm. He further pointed 
out, that the existence of a distinct cell-wall was the 
result of a retrograde process taking place in the outer 
layers of the protoplasm, and that the latter was the real 
at of the activity of the cell. These views closely 




THE CELL. 7 

correspond with those held by Dr. Beale in this coun- 
try* 

The definition of a cell has been still farther modified 
by Briicke, Strieker, and others, who consider that the 
existence of a nnclens is not essential to its constitution. 
This opinion is principally based upon the fact, that in 
the cryptogamia, and in some of the lowest animal forms, 
cells occur in which no nucleus is visible. 

It would thus appear probable that a simple mass of 
protoplasm may, in some exceptional cases, be all that is 
necessary to constitute a cell — i.e., an elementary orga- 
nism, capable of exhibiting independently all the pheno- 
mena of life; but that the nucleus is an exceedingly 
constant and almost invariable constituent. The cell- 
wall is much less constant, and being the result of a 
retrograde change in the outer layers of the protoplasm, 
it must be regarded, in point of vitality, as inferior to the 
rest of the cell. 

Protoplasm itself is an unstable albuminoid compound, 
which is insolable in water and coagulates at death. As 
usually met with, it is a homogeneous structareless 
material, of a soft and viscid consistence. In con- 
sistence, however, it is subject to variations, being some- 
times perfectly fluid, at others more or less solid and 
gelatinous. In old cells it often becomes transformed, 
by the loss of water, into a more solid albuminoid 
substance — herati/n. This occurs in the epidermis and 
naiL Protoplasm may also become gradually converted 
into other modifications of the protein group — ^into mucin, 
globulin, hsBmogoblin, &c. The cell-wall, when it exists, 
is of much firmer consistence than the protoplasm. In 
some cells the protoplasm constitutes but a small propor- 
tion of the body of the cell, other substances, which are 
either the result of its metamorphosis, or have been taken 
up from without, being associated with it. Thus fat is 



• Dr. Beale calls the protoplasm, fferminal matter or hioplann ; 
the cell-wall, formed meUerial. 



8 THE CELL. 

met with in the cells of adipose tissue, and of the liver. 
(See Fig. 6.) Pigment, calcareons particles, pepsine, &c., 
are also met with in cells. 

The nucleus is more constant both in size and form 
than the cell. It is nsnallj spherical or oval in shape, 
and often contains one or more minute round or angular 
bodies, termed nucleoli. It offers a greater resistance to 
chemical reagents than the other constituents of the cell, 
and is also stained more deeply by carmine. 

The original form of the nucleus is vesicular. In the 
earliest cells of embryonic tissue it possesses a delicate 
membrane enclosing a nucleolus and fluid contents, 
thus resembling in its structure the cell. Subsequently, 
however, it loses its vesicular character, and as usually 
met with it is a solid perfectly homogeneous, or faintly 
granular body, in which the nucleolus is still visible. 
The recognition of the nucleus is not always possible, 
owing to its presence being obscured by fat, pigment, or 
other substances contained within the cell. (See Fig. 28.) 
In some cells the nuclei gradually disappear. The coloured 
blood-cells and the cells of the superficial layers of the 
epidermis are examples of cells in which the original 
nucleus has become lost. Lastly, it must be mentioned, 
that several nuclei may be contained within the same 
cell. (See Fig. 2.) 

Physiology op Cells. — The cell, as already stated, is 
capable of absorbing and transforming matter, of excre- 
tion, and of growth. It is also endowed with the power of 
changing its form, of cohering with other cells, of under- 
going more or less active movement, and of reproduction. 
The nature of the processes which occur within cells 
during these various manifestations of their vitality is, 
for the most part, involved in obscurity ; we know little 
more than what is supplied to them and what is excreted. 
The question now arises as to what part is played by the 
respective constituents of cells — whether the cell-wall, the 
body of the cell (protoplasm), and the nucleus have 
different offices. 
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The cell- wall, being the result of a retrogressive dumge 
in the protoplasm, cannot be regarded as taking any 
part in the life of the ceU, the activity of which is mnch 
diminished by its existence, as is also its power of repro- 
dacing itself by simple division. It is in old cells thai a 
cell-wall is most frequently met with; in those newly 
formed it is entirely wanting. 

The nudens has nsnally been looked upon as tiie seat 
of the nutrition, as distinct from the specific fnnctioDS of 
ceUs, and has been supposed to play an important part 
in their multiplication and reproduction. The £act that 
when a cell diodes, the division usually commences in 
the nucleus, and only subsequently takes place in the 
rest of the cell, would appear to &vour this view; as 
would also the great uniformity of the nucleus both in 
size and form, whatever be the functional nature of the 
cell. It must be borne in mind, however, that non- 
nucleated cells may multiply, and that nucleated odls 
have been observed to divide, the nucleus itself taking no 
part in the process. 

Whatever be the part played by the nucleus, there can 
be no doubt that the protoplasm is the most important 
£su;tor of the cell, and it may itself be the only constituents 
The spontaneous movements, alterations in form, and 
migratory powers characteristic of young cells, are due to 
the protoplasm. Such movements are observed in the 
cells of the embryo, in lymphoid and young epithelial 
cells, in some of the cells of connective tissue, and in 
white blood and pus cells. 

The protoplasm, as already stated, may be the sole seat 
of the nutritive and formative power of the celL It would 
appear, however, probable that it is more especially con- 
cerned in the performance of function, and that the specific 
functional peculiarities of cells are dependent rather upon 
it than upon their other constituents. The Tolume and 
consistence of the protoplasm vary in different ceUs, and 
in the same cell, at different times and under different 
circumstances. It is apparently capable of imbibing and 
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giving up fluids, at the same time nndei^oing corre- 
sponding alterations in volume. These consideratione 
Tender it probable that it is the eeat of the selective power 
of the cell, and of those other properties which represent 
its specific fanctioca. 

Gesesis op Celis. — The proposition of Virchow, that 
every cell originates directly from a, pre-eiiating cell, forme 
the basin of the pathology of the present day. To Remak , 
however, mnst be ascribed the merit of having first esta- 
blished the cellnlar origin of the tissues. 

The multiplication of celle may take place in three ways 
— by $impU division, by gemmation, and by endogenous 
growth. In the first two methods the cell breaks up into 
fragments ; in the last, new cells originate within the 
parent cell. The process is obviously associated with 
growth and increase of the protoplasm. 

The multiplication by simple division is the mosi fre- 




A MaUtmcltaltd Crtt. From tlie lung in > caee 
of Chronic Phthisra. Showing Ihp larRB number 
of nuclei Witt bright nucleoli. " 4IJII. 

■■t method. The cell divides and forms two cells, and 
f these again divides and forms two more, and so 
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on. In nucleated cells the nncleas as a role divides first. 

The nnclena, however, may divide and midtiply within 

the cell without any division of the cell taking place- 

If the nuclei multiply within the cell, and the protoplasm 

continuously increase without suhsequent division of the 

cell taking place, large, many-nucleated, irregular-shaped 

masses of protoplasm are produced. These are the giant 

or myeloid cells, which are met with in the medulla of 

young bone, in some new formations, and in certain 

inflammatory growths. (Fig. 2.) (See also "Myeloid 

Sarcoma," Fig. 51.) The existence of a dense cell-wall 

interferes with the process of multiplication by simple 

division. 

By endogenous multiplication is understood the de- 
velopment of cells within pre-existing ceUs. The multi- 
plication of the ceUs of cartilage, such as occurs in the 
growth of bone and in the process of inflammation, has 
been adduced as an example of this mode of cell formation. 
Here, however, we have simply the division of the carti- 
lage cell within its capsule, and the process is precisely 
similar to multiplication by simple division (see Fig. 96, d). 
The mode of cell formation which must be regarded as 
strictly endogenous, is what is now commonly known as 
Vacuolation. This was described some time ago by 
Virchow in his " Cellular Pathology ;" and owing to the 
more recent researches of Klein and others, it now occu- 
pies an important place in the history of cell development. 
The process consists in the formation of a vacuole in the 
body of the cell. This vacuole may gradually increase in 
size until it occupies nearly the whole of the cell, being 
merely surrounded by a thin layer of protoplasm, in 
which may often be seen the displaced nucleus (Fig. 3, h). 
Within this vacuole one or more new elements are formed. 
These either originate from the nucleus of the cell, or they 
are produced from the protoplasm which forms the wall 
of the vacuole. In the latter case, according to Dr. Elein, 
buds grow out from the protoplasmic wall towards the 
interior of the vacuole, and these becoming detached form 
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new cells.* A yacnolated cell with an endogenous brood 

is shown in the accompanying drawing (Fig. 3), for which 

I am indebted to the observer just quoted. It must, 

however, be remembered, in forming any conclusion as to 

the origin of small cells within a larger cell, that there 

exists the possibility that these may have entered from. 

without. 

Fio. 3. 




A Vacuolated Cell. a. Protoplasm of cell consti- 
tuting wall of the vacnole. b. Displaced nucleL 
c. The vacnole. d. Drop of fat e. Endogenous 
brood. (Klein.) 

The endogenous mode of cell formation is not that by 
which tissues regenerate themselves. This is usually 
effected by simple division. Elements which have an 
endogenous origin have commonly a destiny different from 
that of the parent cell. 

In multiplication by gemmation, a small portion of the 
protoplasm projects from the cell and becomes detached 
by constriction at its base, thus forming a new cell. This 
is much less frequent than the two former processes f 



• " The Anatomy of the Lymphatic System," vol. i. pp. 55-60 ; 
and Ellein on *^ Endothelial vesicles of growing blood-vessels in the 
embryo chick." " Sitzungsberichte der Wiener k. Academic d. Wis- 
senschaften," Part for March, 1871. 

f The anthor wishes it to be distinctly understood, that in the 
subsequent pages the term "ce/r* is employed tp designate the 
most elementary factor of the tissues which is capable of exliibiting 
the phenomena characteristic of an independent organism, quito 
irrespectively of the existence of a cell-wall, or even of a nucleus. 



CHAPTER 11. 

NUTRITION ARRESTED. 

ITECBOSIS. 

The absolute and permanent arrest of nntrition in a part 
constitutes necrosis, gangrene, or local death. 

Etiology. — Whatever interferes with the supply of 
nntritive material to a part, or destroys the activity of its 
cellular elements, may cause its death. 

A. The supply of nutritive material may be interfered 
"with by : — 

1. Ohatmction in the Arteries. — This is a common cause 
of necrosis. The obstruction may be caused by a liga- 
ture, by compression of the vessel, by solution of its con- 
tinuity, by thrombosis or embolism, and by disease of 
the arterial coats. If the obstruction be complete and a 
collateral circulation cannot be established, death of the 
part quickly ensues. 

2. Obstruction in the Capillaries. — Obstruction here is 
often the result of pressure upon or stretching of the 
vessels. This may take place from the accumulation of 
inflammatory products, haBmorrhage, or from the pressure 
exercised by new growths. The resulting obstruction to 
the capillaiy circulation causes the death of the imme- 
diately adjacent tissues. As examples of necrosis from 
this cause may be mentioned that of the superficial 
layers of the bone which so frequentiy results from 
periostitis, owing to the compression of the capillarieB 
between the bone and the periosteum ; also the sloughing 
of the skin over a quickly-gro¥dng abscess. 

The capillary circulation is also obstructed in conditions 
of complete stasis — i.e., stoppage of the blood-stream with 
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coagulation of tlie blood. Such stasis, which occurs as the 
result of necrosis of the capillary walls from whatever 
cause, will be considered in the chapters on Inflammation 
and Thrombosis. It will be sufficient to note here that its 
occurrence may not only be a cause of tissue disorganisa- 
tion, but that necrotic processes by destroying the vitality 
of the capillary walls may induce stasis. It is stasis thus 
produced which tends to prevent hsamorrhage from 
gangrenous parts. 

3. Obstruction in the Feins, — Obstruction to the return 
of blood by the veins must be so complete in order to 
arrest nutrition that it is in itself rarely a cause of 
necrosis. It is when associated with obstruction in 
the arteries that it constitutes an important agent in 
producing this result. This combination of venous and 
arterial obstruction is seen in a strangulated hernia, in 
the invagination of a portion of the intestine, in the 
constriction of a part by a tight bandage, and in contu- 
sions and lacerations of the soft parts in which both 
arteries and veins are injured or become strangulated by 
the tension of the tisues which subsequently ensues. 

4. Diminished Cardiac Power. — This is never inde- 
pendently a cause of necrosis. In cases, however, of 
excessive general debility, or disease of the cardiac sub- 
stance, the consequent diminution in the contractile 
power of the heart materially aids the foregoing causes 
in producing a fatal blood- stasis. The arrest of the cir- 
culation in " senile gangrene," and that which so often 
occurs in the tissues of the back in adynamic fevers and 
in chronic exhausting diseases, is in part the result of 
diminished cardiac power. This arrest in the last-named 
conditions, is usually determined by some injurious 
stimulation of the tissue — in other words, it is a part of 
an inflammatory process. 

6. Inflammation. — The effect of the inflammatory pro- 
cess is to impede or arrest the circulation, and to impair 
the vitality of the affected part, and the intensity of the 
process may be so great as to permanently arrest the 
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circulation and cause death (see " Inflammation"). Cer- 
tain inflammations have a special tendency to terminate 
in necrosis, as diphtheria, carbuncle, and " hospital gan- 
grene." In these conditions the necrotic tendency is 
probably due to the presence of minute organisms. In 
all cases, the more impaired the nutrition of the part 
which becomes the seat of an inflammatory process, the 
more likely is this to cause its death. 

B. Destruction of the activity of the cellular elements 
may be caused by : — 

1. Traumatic and Chemical Agencies. — A part may be 
completely disorganised and lose its vitality as the result 
of external violence. Many corrosive substances also, as 
acids and caustic alkalies, destroy the life of cells. The 
cells of a tissue may thus have their vitality destroyed, 
and the blood-vessels remain uninjured, or both cells and 
vessels may be involved. Putrid organic substances, as 
foul urine and secretions from wounds, may in the same 
way interfere with the life of cells, and cause their death. 
They most frequently do so, however, by inducing in the 
first place an inflammatory process ; but sometimes death 
ensues directly, qaite independently of inflammation. 
The injurious influence of such liquids is probably due^ 
to the presence in them of minute organisms (septic 
bacteria). 

2. Abnormal Temperature, — The vitality of cells can 
only be maintained within certain limits of temperature ; 
extreme degrees of heat or cold cause their death. Here, 
as in the case of other injuries, the abnormal temperature 
often, but by no means always, causes in the first place 
an inflammatory process. 

Having considered the several causes of necrosis, it 
must be borne in mind that the process is often complex 
and due to the combined influence of two or more of 
them. The liability to necrosis will also depend greatly 
upon the power of the tissues to resist necrotic influences. 
Conditions which would lead to the death of a part in 
which the circulation was already impeded or the vitality 
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of the cellular elements impaired, would produce no sncli 
effect where such local weakness did not obtain. This is 
well exemplified by the necrosis of the tissues of the back 
from pressure, which so often occurs in conditions o£ 
debility ; by the gangrene of the extremities which some- 
times results from the long continued ingestion of ergot ; 
and especially by senile gangrene. 

Senile Gangrene. — This is a form of necrosis which, 
affects especially the lower extremities of old people, and 
is the result of several of those etiological conditions 
which have already been enumerated. 

The most important element in the production of senile 
gangrene consists in the occurrence of atheromatous or 
calcareous changes in the arteries of the limb, in conse- 
quence of which the circulation in it becomes impeded and 
its vitality impaired. This is evidenced by the coldness 
of the feet, the cramps, and the other abnormal sensa- 
tions which are so often experienced by the patient some 
time before the gangrene sets in. This tendency to local 
stagnation of the circulation is usually materially in- 
creased by the simultaneous atrophy or degeneration of 
the muscular substance of the heart itself. The combined 
effect of the diminished vis a tergo and of the arterial 
degeneration may, in some cases, be alone sufiicient to 
cause arrest of the circulation and the formation of 
thrombi in the vessels of the limb, and thus to cause 
gangrene. The supervention of the gangrene, however, 
is usually determined by some injurious stimulation of 
the tissue, as a slight abrasion of the foot, a bruise, injury 
to a corn, or excess of heat or cold, which sets up in- 
flammation in the already weakened part, and thus by 
still further obstructing the circulation in it, and impair- 
ing its vitality, causes its death. 

Chabactbrs op Dead Pabt. — The characters of the 
dead part vary with its structure, its vascularity, the 
cause of the necrosis, the acuteness of the process, and 
the possibility of the access of atmospheric air. The 
more vascular the tissue, the softer its structure, and 



NEOBOSIS. 1 7 

the more it is exposed to the atmosphere, the more 
rapidly and completely does it undergo decomposition. 
Bone, cartilage, and tendons, which are firm hard tissues,, 
containing comparatively but few vessels, undergo very 
little alteration in structure and form; whereas softer 
parts are much more rapidly and completely destroyed. 

In those cases in which the dead part contains but little 
water, as when the necrotic process is associated with 
obstruction of the arteries and there is no interference 
with absorption by the veins €ind lymphatics, or when, 
owing to the destruction of the epidermis, there is great 
loss of water by evaporation, it may gradually dry up 
and become converted into a dark shrunken mass which 
undergoes but little further change. This constitutes 
dry gangi'ene or mwmmification. It often occurs in necrosis 
from embolism, in that induced by ergot of rye, and in 
senile gangrene. 

When, on the other hand, the part is moist, as where 
the necrosis is associated with venous obstruction, so that 
the return of blood and absorption of fluids is interfered 
with, the gradual drying up of the dead tissue rarely 
takes place. Under these circumstances, if the part be 
exposed to atmospheric influences, septic bacteria obtain 
an entrance, and the moisture being favourable to their 
development, the dead tissue undergoes putrid decomposi- 
tion, such as occurs naturally in the body after death. 
In a limb, for example, the liquor sanguinis transudes 
from the blood-vessels, and, evaporation being to a great 
extent hindered by the epidermis, the transuded and 
accumulated liquids often form large bullss on the surface. 
As decomposition proceeds, gases are generated in the part 
— principally sulphuretted hydrogen, ammonia, nitrogen, 
and carbonic acid. These give rise to the emphysematous 
crackling which is so often associated with the gan- 
grenous process. The tissues at the same time undergo 
a process of softening or liquefaction, the limb becomes 
exceedingly oflensive, and owing to alterations in the 
transuded haamoglobin, changes from a reddish colour to 
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a brownish or greenish black. This form of necrosis is 
known as moist gangrene. It occurs only in external 
parts and in -those internal organs to which the air is 
freely accessible, as the lungs. When met with in other 
situations it is dne to infection with septic matter. 

In many cases the necrotic process is associated with 
fatty degeneration. The dead tissue then presents 
somewhat different characters, often becoming caseotus 
or liqiiefying. These forms will be considered in the 
chapters devoted to this foim of degeneration. 

The changes in certain tissues mnst now be considered 
more particularly. Firstly, with regard to the blood : — 
This fluid undergoes the earliest and most rapid change. 
The haemoglobin escapes from the red corpuscles, partly 
by exudation, and partly by the destruction of the cor- 
puscles themselves, and dissolved in the liquor sanguinis 
permeates the surrounding tissues. The corpuscles are 
ultimately completely annihilated, nothing remaining but 
a few minute granules. The staining of the tissues with 
hasmoglobin is commonly known as post mortem staining, 
and the appearances it presents are very characteristic. 
The lining membrane of the heart and blood-vessels, 
being in immediate contact with the blood after death, 
are the parts principally affected. The staining is of an 
uniform pinkish-red colour, thus differing from the 
punctiform and stratiform redness of hypersemia. from 
which it must be carefully distinguished. The amount 
of staining is in proportion to the rapidity with which 
decomposition has taken place, and to the amount of 
blood contained in the part at the time of death. 

In muscle the arrest of nutrition is accompanied by a 
state of rigidity, known as the Rigor Mortis. This is a" 
peculiar condition of the muscles observed in almost all 
bodies after death, in which they become firm and some- 
what shortened, as though in a state of chronic contrac- 
tion. It comes on as soon as the muscles have lost their 
irritability — i.e., their capability of responding to artificial 
'stimulation; in other words, as soon as the nutritive 
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processes have completely ceased. The time of its 
appearance will therefore depend npon the state of nutri- 
tion of the muscles at the time of death; the more 
healthy and vigorous this is, the longer it is before the 
nutritive processes completely cease, and consequently 
the longer it is before the rigor mortis supervenes. The 
length of its duration and its intensity are in direct pro- 
portion to the lateness of its appearance. In people, for 
example, who are in perfect health, and die suddenly, as 
from accident, the rigor mortis does not usually come on 
until from ten to twenty-four hours after death ; it is very 
marked, and often lasts two or three days. In those, on 
the other hand, who die from some exhausting disease, as 
from chronic phthisis or the adynamic fevers, in which 
the nutrition of the muscles becomes much impaired, the 
rigor mortis appears very soon, sometimes as early as ten 
minutes after death ; it is very slight and may pass off in 
less than an hour. It has been said that in cases of death 
^m poisoning by carbonic acid and sulphuretted hydro- 
gen, from lightning, and from some of the severer forms 
of the adynamic fevers, the rigor mortis is entirely absent. 
It is doubtful, however, if this is the case, as the rigor 
mortis has probably escaped observation, owing to its 
early supervention and rapid disappearance. As soon as 
the rigor mortis has passed off decomposition of the 
muscular tissue commences. 

With regard to the nature of the change — it was for- 
merly supposed to be a spontaneous contraction, the last 
act of vitality on the part of the muscle. More recently, 
however, Kiihne and others have shown that it is really 
owing to the coagulation of the albuminous substance of 
the muscle — myosin. The myosin, fluid during life, 
coagulates when nutrition has ceased, the coagulation 
being attended by the liberation of a free acid. Thus is 
produced the firmness, hardness, and opacity of the 
muscle, which disappear as soon as disintegration and 
decomposition commence. The transverse striation of the 
fibres iken becomes indistinct, and sjives place to irregular 

c 2 
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rows of granules and fat molecnle^, the muscle softens, 
its sarcolemma is destroyed, and ultimately nothing re- 
mains but a soft structureless debris. This cban^ 
occurs not only in muscle, but in the cells of other tissues 
a similar coagulation of the protoplasm takes place on 
the cessation of the nutritive processes. 

Respecting the changes in other tissues : — Protoplasm 
generally not only coagulates but tends to become finely 
granular after death. It sometimes increases in size so 
that the cells look swollen; and in nucleated cells the 
nucleus often shrinks or entirely disappears. The cells ulti- 
mately break up into molecules of various sizes. In adipose 
tissue, the cells diminish in size, owing to the escape of 
the fluid fat which diffuses itself throughout the surround- 
ing structures. The fibres of connective tissue swell up, 
become opaque, and ultimately liquefy. In nerve-fibres, 
the white substance of Schwann coagulates and collects 
into small drops (myelin) within the neurilemma. Carti- 
lage and bone resist the necrotising process longer than 
any of the tissues and are the least altered by it. 

Terminations. — The termination of the necrotic process 
varies. It may, after involving a greater or less extent of 
tissue, become arrested, and a " line of demarcation" form 
between the dead and living parts — Ci/rcumacribed Gan- 
grene; or the process may continue to extend without any 
such attempt at recovery — Diffuse Gangrene. Whether 
the one or the other occurs will depend, in great measure, 
upon the presence or absence of any pre-existing local 
weakness either in the circulation or the tissues. Necrotic 
processes in a healthy individual tend to become circum- 
scribed, but when the circulation is enfeebled, or the 
vitality of the tissues impaired, as in the aged, they are 
liable to be diffuse. (See " Senile Gangrene.") The presence 
of septic bacteria also tends to interfere with the arrest of 
a necrotic process. 

When the process becomes arrested, the dead tissue — 

the sphacelus or slough — acts as a foreign body, and as 

nch sets up inflammatory changes in the adjacent living 
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structures, and by this means it is ultimately removed or 
becomes encapsuled. The tissues immediately sur- 
rounding the necrosed part are thus in a state of inflam- 
mation, as is evidenced in external structures by tbeir 
swelled condition, red colour, and high temperature. As 
the necrotic process ceases, the dead fragment becomes 
limited by this line of inflamed tissue, which constitutes 
the " line of demarcation" between the dead and living 
parts. Along this line a process of suppuration takes 
place, and by means of this the dead mass is gradually 
separated from the surrounding structures. The ultimate 
termination of the process depends principally upon the 
situation of the affected part : — If this be superficial, the 
slough is thrown off, as in external parts, the intestines, 
the pharynx, &c., an ulcerated surface being left. K the 
dead mass is deeply seated, its removal becomes possible 
only by the extension of the necrotising process to the 
surface, as is exemplified by the spontaneous removal of 
necrosed bone through fistulous openings in the soft parts. 
In other cases the inflammatory process which takes 
place in the tissues surrounding the dead part is less 
intense, and the formation of pus is less abundant and 
is soon followed by that of vascularised connective tissue, 
a layer of which is ultimately formed around the necrosed 
mass, by which it becomes enca'psuled. This occurs 
especially in internal parts. Examples of it are furnished 
by foreign bodies, haemorrhagic infarcts, accumulated 
epithelial products, portions of necrosed bone, and a 
foetus in the abdominal cavity, all of which may thus 
become surrounded by a layer of connective tissue. The 
part when thus encapsided is usually rendered inert and 
no longer acts as an irritant to the tissues in which it lies ; 
it undergoes a gradual process of absorption and drying 
up, and often becomes calcified. 
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CHAPTER III. 

NUTRITION IMPAIRED. 

It has been seen in tlie preceding chapter that the abso- 
lute arrest of nutrition is followed by the complete cessa- 
tion of all manifestations of vitality and function, con- 
stituting necrosis or local death. Those conditions must 
now be considered in which the interference with nutri- 
tion, for the most part, falls short of absolute arrest, an<i 
in which, although vitality is impaired, death is only an 
occasional sequence. Such conditions are comprised, 
under "Atrophy," and " Degeneration." 

ATROPHY. 

Atrophy is a diminution in the amount of a tissue, 
owing either to diminution in the size, or diminution in 
the number, of the histological elements of which it is 
composed. It is attended by loss of weight, and impair- 
ment of function. When the elements are diminished in 
size only, it is called Simple Atrophy ; when the number 
is diminished, it is called Numerical Atrophy, These 
two varieties are often associated, being different stages 
of the same process. 

Simple diminution in the size of the elements of a 
tissue is the most common condition met with in atrophy. 
It is well exemplified by what takes place in ordinary 
emaciation, in which the fat gradually disappears from 
the subcutaneous adipose tissue. Adipose tissue is 
merely common connective tissue, many cells of which 
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are distended with fkt. When a person emaciatea, Uk 
tat is gradually removed from the cells bo that titey 
diminish in size, and the fat wHcfa compktelj filled the 
cell maj be reduced l« a few isolated drops ; the cell-wall 
and uacIenB at the game time often become distinctlj 
visible (Fig. 4). Here there is no degtmction of the cells, 
no dinuaat oa in the nombe bnt simp j the remOiTBl 
of some of their contents As the fat b removed frtMD 
the eel e it IS asnally paitiaUy replaced bj a bciou 
floid A mnltiphcationof thenadensisalsoofUaiolMeTTed. 




Ad p*Ttt Utpte. A. N muL B Atrophic, frcKn ft caue of 
ph b BIS. A ma^ ■ 'tx *ith «U mil, DBckos, aod 

drop at 3M Virch <r 

This diminaljoa in the size of the elemeats may take 
place in any tisane. The cells of aU glandnlar organs 
may thus become atrophied, and so produce a diminntioa 
in the size of the whole oi^an. Mnscolar tissoe in the 
same way atrophies by the diminntion in the size of its 
primitive fasciculi ; and here also, as in adipose tissne, tiie 
process appears often to be associated with a mnltiplic*- 
tion of the nnclei of the muscle. In all these cases the 
elements remain almost anch4nged, and hence aU that 
is necessary for the restitution of the tissne is an increase 
in their nutritive activity, and the assimilation of more 
material. 

A dimioTition in the number of elements — nnmerical 
atrophy — is often an advanced stage of the more simple 
process. The elements not only diminish in size, bnt some 
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of them actually perish and cease to exist as vital agents. 
This destrnction of histological elements which occurs l>ot,K 
in atrophy and in some forms of degeneration has been 
called by Virchow Necrobiosis. In it, restitution is only 
possible by the production of new elements, whereas 
in simple atrophy repair can be effected without new for- 
mation. In certain tissues, as the spleen, lymphat^ic 
glands, and skin, atrophy is probably always due mainljr 
to numerical loss. 

Atrophy may be general — ^affecting to a greater or 
less extent all the organs and tissues of the body, or it 
may be pwrtial and limited to particular parts. GreneraJ 
atrophy affects in the first place the subcutaneous adipose 
tissue, then the adipose tissue in other situations, as tha.t 
surrounding the viscera and in the omentum, then the 
muscles and glandular organs, and lastly the nervous and 
osseous structures. 

Although atrophy in its strict signification consists 
simply in a diminution in the size or in the number of 
the component elements of a tissue, it is rarely a perfectly 
simple process, but is usually associated with more or less 
faity degeneration. This is owing to the fact that when- 
ever the nutrition of a part is so much interfered with as 
to cause it to atrophy, it is very prone to undergo fatty 
changes ; and it will be seen, when speaking of " fatty 
degeneration," that this process owes its origin to causes 
similar to those which produce atrophy itself. 

Etiology. — In speaking of the causes of atrophy, it will 
be necessary to distinguish between those which act upon 
the tissues generally, and those which have merely a local 
influence. 

General Atrophy may be caused by : — 

1. Deficient supply of Nutritive Material. — Whatever 
interferes with the supply of nutritive material to the 
tissues will be followed by their atrophy. Deficient 
supply of food ; obstruction to the passage of the food 
into the stomach or intestines, as in stricture of the 
oesophagus or pylorus; the mal-assimilation which re- 
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suits froiQ the various conditions giving rise to dys- 
pepsia ; interference with the absorption of the chyle, from 
obstinction of the thoracic duct, or disease of the mesen- 
teric glands constitnting the so-called '* tabes mesenterica;*' 
may all in this manner be causes of general atrophy. 

2. Excessive Waste, — All those conditions which are 
attended by the loss of large quantities of nutritive 
material may be causes of general atrophy. Such con- 
ditions are furnished by continuous hsBmorrhages, profuse 
and long-continued suppuration such as often occurs in 
caries and empyema, diarrhoea, and the excretion of large 
quantities of albumen or sugar as in Bright's disease or 
diabetes. The waste resulting from the increased tissue- 
change which accompanies acute febrile diseases must also 
be included under this head. 

3. Impaired Nutritive Activity. — This constitutes an 
important element in the production of the atrophy of 
old age, — senile a;trophy. As life advances, the vitality of 
the elements gradually diminishes, their ability to separate 
nutritive material from the blood and to assimilate it for 
their own maintenance becomes less and less, and hence 
they gradually atrophy, and ultimately all manifestations 
of their vitality may cease. 

Although general atrophy may thus be referred to one 
of the foregoing causes, it is rarely a simple process, but 
usually depends upon the combined influence of two or 
more of them. The atrophy associated with pulmonary 
phthisis, for example, results partly from the loss of 
nutritive material in the profuse expectoration and 
diarrhoea, partly from the deficient supply consequent 
upon the imperfect oxidation of the blood and upon the 
interference with assimilation which is so often caused 
by structural changes in the stomach and intestines, 
and partly from the increased tissue-change. In senile 
atrophy, again, in addition to the general diminution of 
nutritive activity, there is frequently some condition of 
the digestive organs interfering with assimilation which 
materially aids in producing the ultimate result. The 
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atrophy which accompanies the acute febrile diseases is 
by no means a simple process, increased tissue-change, 
loss of appetite, and interference with assimilation being 
all component parts of it. 
Partial Atrophy may be caused by : — 

1. Imperfect Supply of Blood. — The effect of interfering 
with the supply of blood to a part will depend upon the 
extent of the interference. If it be entirely cut off the 
part will die (see "Necrosis"), if merely diminished it 
will atrophy. 

Diminished supply of arterial blood is a common cause 
of atrophy, and may be brought about in various ways. 
The nutrient vessels may be obstructed by pressure exer- 
cised upon them within or without the organ to which 
they are distributed. In cirrhosis of the liver, the pres- 
sure exercised by the new growth of inter-lobular tissue 
causes atrophy of the secreting structures. In other 
cases the supply of blood is diminished by interference 
with the circulation at some distance from the part, as by 
the pressure of a tumour upon the artery leading to it. 
The atrophy of the proximal end of the shaft of a bone 
after fracture above the point of entrance of its nutrient 
artery is due to the same cause. 

The atrophies which result from pressure exercised 
directly upon the part itself are also owing to the con- 
sequent interference with nutritive supply. Atrophy of 
the sternum from the pressure of an aneurism, atrophy 
of the kidney from the pressure of retained secretion — as 
in stricture of the urethra, enlarged prostate, &c., and 
atrophy of the skull in chronic hydrocephalus, are well- 
known examples of these atrophies from pressure. 

Mechanical congestion in the same way often leads to 
atrophy. The circulation is impeded, the blood is not 
returned normally by the veins, hence there is deficient 
arterial supply, and atrophy results. This is seen, for 
example, in the liver of heart disease. (See " Mechanical 
Hyperaemia of Liver.*') 

2. Diminished Functional Activity. — This is the most 
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commoii canse of atrophy, many examples of which are 
famished both by physiological and pathological pro- 
cesses. After birth those parts which are no longer le- 
qaired to serve' any purpose in the economy gradually 
atrophy and waste. The ductus arteriosus, the umbilical 
arteries and vein, the Wolffian bodies, and later — the 
thymus gland, all in this manner disappear. The invo- 
lation of the uterus after delivery, the wasting of the 
spleen and lymphatic glands in advanced life, and of the 
lower jaw after the loss of the teeth, are other physio- 
logical examples of atrophy from this cause. 

Muscles which from any cause have long remained 
inactive atrophy. This is seen in the various forms of 
paralysis ; also in limbs which have become incapacitated, 
either on account of anchylosis, or of chronic diseases of 
the bones or joints. 

After the establishment of an artificial anus the lower 
part of the intestine atrophies, and becomes converted 
into a fibro-cellular cord. 

Bones in the same manner atrophy from want of use. 
Afker the amputation of a limb the cut end of the bone 
atrophies ; and atrophy of the orbit follows extirpation of 
the eyebalL 

Interference with the function of nerves is also followed 
by their atrophy. This is seen in the atrophy of the 
optic nerve which often follows destruction of the eye, 
and also in the atrophy of the nerves of a limb which 
has long been incapable of action. 

3. Increased Functional Activity. — ^This may in quite 
exceptional cases be a cause of atrophy ; much more com- 
monly, however, it is a cause of hypertrophy. Certain 
glands sometimes atrophy from excessive use, especially 
the testicle. 

4. The Action of Special Substances. — Certain sub- 
stances administered internally appear to be capable of 
producing atrophy. Iodine, bromine, mercury, lead, aiui 
the alkalies, may be enumerated amongst the moat im- 
portant of these. Iodine and mercury exerdse a special 
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inflnence upon tlie lymphatic system, and bromine iix>on 
the organs of generation. 

.*). Nervous Influence. — Respecting the inflnence of the 
nervons system as a direct canse of atrophy little is cer- 
tainly known. That atrophy is a freqnent sequence of 
changes in the nerve-tmnks and nervous centres there 
can be no doubt ; bnt it is probably in most cases to be 
attributed to an indirect inflnence. The gradual atrophy 
of muscles, for example, which have become paralysed 
from lesions in the brain or spinal cord, is usually rather 
the result of the consequent interference with their 
function, than of any direct influence upon their nutrition. 
In lesions of certain portions of the nervous system, 
however, especially in those involving the large ganglion 
cells of the anterior comua of the spinal cord, such as 
occur, for example, in infantile spinal paralysis, and 
also after some injuries of the nerve trunks, the muscles 
waste with great rapidity. In these and similar cases it 
must be assumed that the nutrition of the muscles is 
more or less directly influenced by the nervous system. 
(See " Introduction.") In some cases also, changes in the 
nervous system may cause atrophy by aflecting the size 
of the blood-vessels, and so interfering with the supply of 
blood. 

6. Injlammaiian, — ^This is sometimes described as a 
common cause of atrophy. The atrophy, however, which 
is such a frequent sequence of an inflammatory process 
is in most cases due to that new growth of fibroid tissue 
which is developed in chronic inflammations. The new 
tissue, by the pressure which it exercises, causes atrophy 
of the proper structures of the organ. This is seen, for 
example, in cirrhosis of the liver. It is probable, also, 
that the impairment of vitality which results from an 
inflammatory process may lead to atrophy of the histo- 
logical elements, independently of the existence of new 
fibroid growth. 

Physical Characters. — The estiipation of atrophy is 
often a matter of considerable difficulty. The great crite- 
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rioQ is dimmntion in absolnte weight. The weight of an 
organ, however, varies considerably in health ; it varies 
with the weight of the body as a whole, and it may be 
less than natural from incomplete development. The 
same is tme also of the mnscnlar and osseoos systems. 
An accumulation of blood and serosity in an organ may 
again increase its weight, and thus constitute a source of 
fallacy. This is often the case in organs whidi have been 
for some time mechanically congested, in which, although 
their size and weight may be increased, their tissue is 
considerably diminished in amount. 

Organs which are atrophied are usnaUy diminished not 
only in weight, but also in size. In most cases they con- 
tain less blood, they are drier, firmer, and more fibrous in 
consistence than in health. Their functional powers are 
invariably diminished. The whole of the tertuies of 
which an organ is composed may suffer ; some, however, 
usually do so more than others. The fibrous constituents 
are the last to atrophy, hence the firmness, toughness, 
and loss of elasticity so commonly met with in the 
atrophied parts. In glandular organs, the secreting cells 
are usually the first to show signs of atrophy; they 
become smaller, and are often finely g^ranular, from the 
presence of molecular fat; the vessels and nerves also 
share in the wasting process. In the subcutaneous cellular 
tissue, the fat is gradually removed from the cells, 
which thus diminish in size. In muscles the primitive 
fasicculi become smaller, and their transverse strias 
gradually disappear; ultimately the whole of the con- 
tents of the sarcolemma may be entirely removed, and 
nothing remain but the connective tissue. This process is 
usually accompanied by more or less fatty degeneration 
of the muscular fibres, and in some cases by the develop- 
ment of fat between the fasicculi. (See " Fatty Infiltration 
of Muscle.") 

ATKOPHY OP BONE. 

Atrophy of bone ia always attended by a diminution 
in weight, but not always by a diminution in size. It is 
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met with in two forms. In one, the compact and can- 
cellous tissue gradually become absorbed, the medullary- 
canal diminishes in size, and the whole bone thus be- 
comes smaller. This is known as concentric atrophy. 11; 
is met with especially in the long bones, in cases of long- 
standing anchylosis, dislocations, or paralysis. 

In the other variety of atrophy there is no diminution 
in the size of the bone, but merely a gradual conversion 
of compact into cancellous tissue. The whole bone thus 
becomes rarefied, and it is exceedingly light and brittle, 
so that it fractures with great facility. This, in contra- 
distinction to the former variety, is known as eccentric 
atrophy. It is usually met with as a senile change, and 
is in most cases accompanied by more or less fatty de- 
generation. 

PULMONARY VESICULAR EMPHYSEMA. 

This appears to be the proper place to describe the 
changes met with in the lungs in emphysema, inasmuch 
as these changes are characterised mainly by atrophy of 
the walls of the air-vesicles. 

Emphysema consists essentially in a permanent en- 
largement of the infundibula and air-vesicles in larger or 
smaller areas of the lungs. The dilatation appears 
usually to commence in the infundibulum, and to extend 
from this to the air-vesicles which open into it, so that 
ultimately the whole may be thrown into one large cavity. 
As the process proceeds, communications are established 
between adjacent groups of air-vesicles, and thus cavities 
of still larger area are produced. 

Atrophotbs Emphysema. — The more minute histological 
changes which accompany emphysema vary somewhat in 
different varieties of the disease. In that form of emphy- 
sema which occurs in old people, and which is essentially 
a senile change, the alterations in the walls of the air- 
vesicles consist simply of atrophy of the several struc- 
tures of which they are composed : — hence the term 

'ophous or small-lunged emphysema, which is applied 
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by Sir W. Jenner to this variety of the disease. The 
air- vesicles may not be much increased in size, but several 
of them are thrown into one, their walls are consider- 
ably thinner than natural, the connective tissne, elastic 
tissue, and blood-vessels all having apparently shared 
in the wasting process. There is usually also an ab- 
normal amount of pigmentation. Such lungs are smaller 
than natural, and quickly collapse when the thorax is 
opened. 

Hypertrophous Emphysema. — In the other important 
variety of emphysema the lungs are increased in size, so 
that they often bulge forwards when the thorax in opened, 
and in contradistinction to the former variety, certain 
constitnents of the lung-tissue appear to be increased in 
amount, inasmuch as the lungs are less crepitant, and 
feel somewhat denser and tougher than natural. This 
is described by Sir "W. Jenner as hypertropTwus or large- 
lunged emphysema. 

When such lungs are examined microscopically, it will 
be found that the dilatation of the air- vesicles is more 
marked than in atrophous emphysema, although less 
general in its distribution. The atrophic changes also do 
not affect equally the various tissues which make up the 
alveolar walls. The elastic fibres appear to be more 
especially wasted, whilst, according to some observers, 
the connective tissue is increased. I have been unable to 
discover any marked increase of the connective tissue in 
the alveolar walls, although an increase of this tissue is 
often to be seen around the smaller interlobular blood* 
vessels and bronchi. The capillary blood-vessels which 
are distribul^d on the walls of the air-vesicles are atro- 
phied and diminished in calibre, owing to the stretching 
and pressure which result from the vesicular dilatation, 
whilst the larger interlobular vessels are often found 
thickened and distended with blood. In some cases 
there is more or less fatty degeneration of the epi- 
thelium, and usually an abnormal pigmentation of the 
long. 
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Etiology. — ^It would be beyond tbe scope of the present 
work to di^cass the varions theories which have been pix>- 
ponnded to account for the development of emphysema. 
It is, however, obvious that all conditions which increase 
the pressure on the inside of the air-vesicles, or damage 
the resisting powers of their walls, may be causes of per- 
manent vesicular dilatation. 

Increased pressure on the inside of the air-vesicles may 
result from — 

1st. Violent expiratory efforts with closed glottis, 
such as occur during the act of coughing, blowing wind 
instruments, violent muscular exertion, &c. Those parts 
of the lungs which are least supported will be over- 
distended. This is the expiratory theory of Jenner. 

2nd. Certain portions of the lungs being incapable of 
expansion, owing to collapse, consolidation, asthmatic 
spasm, <&c. There will be excessive tension in those parts 
into which the air can enter. 

Impairment of the resisting power of the air-vesides 
may result from — 

Ist. The loss of elasticity and atrophy which is a con- 
comitant of old age. This is the most important element 
in the causation of atrophous emphysema. 

2nd. The atrophy of the air- vesicles resulting from that 
stretching of their walls and obliteration of their blood- 
vessels which is caused by their over-distension from 
increased pressure exercised upon their inner surface. 

3rd. Damage to the walls of the air-vesicles which 
probably in certain cases results from previous attacks of 
pulmonary inflammation, or from some interference with 
their nutrition due to mode of life or to other causes. 



Degeneration. 

The " Degenerations " include a class of morbid pro- 
cesses which are characterised by an alteration in the 
quality of the tissues, and which, like atrophy, are 
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attended by impairment of function, and often hj anni- 
hilation of histological elements. 

The alteration in the qnalitv of the tissue lesnlts either 
from its direct metamorphosis into a new material, or 
finom its infiltration with some substance which has been 
conveyed to it from without. 

Atrophy and degeneration thus so far resemble <Rie 
another, that in both processes nutrition is impaired and 
function interfered with. In atrophy, however, as pointed 
oat by Virchow, nutrition is simply altered in ^tuiit^t^y, 
the waste of the tissue is in excess of the assimilation of 
new material, and, consequently, there is a diminution in 
the amount of the tissue and an impairment of its func- 
tional powers. In degeneration, on the other hand, 
nutrition is altered in quality, a new substance exists in 
the tissues, which either originates in the tissue itself, or 
infiltrates it from without ; this is attended by impair- 
ment of the vitality and functions of the elements of 
which the tissue is composed, resulting either from the 
presence of the new material, or dependent upon the same 
conditions as those which gave rise to its formation. 

Etioix)6T. — Of the causes of the Degenerations as a dass, 
but little can be said, the various forms depending for the 
most part upon different conditions. These will be con- 
sidered under their respective heads. Our knowledge of 
this class of morbid processes is necessarily very incom- 
plete, inasmuch as so little is known of the chemical 
changes which take place within cells. (See " Fhysiokgy 
of Cells.") 

The Degenerations may be divided into two classes — 
the Metamorphoses and the Infiltrations. 

1. The MetaTnorphoses. — These are characterised hy 
the direct metamorphosis of the albuminoid constituents 
of the tissues into a new material. This is usually fol- 
lowed by Uie destruction of the histological elements and 
the softening of the intercellular substance, so that ulti- 
mately all trace of structure may be lost, and function 
be completely arrested. The Metamorphoses include 
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Fatty, Mncoid, Colloid, and probably Lardaceoas De- 
generation. 

2. The Infiltrations. — These difPer from the Meta- 
morphoses inasmuch as the new material which exists in 
the tissnes is not derived from their albuminoid con- 
stitnents, bnt is deposited in them from the blood : 
there is an infiltration and deposition of a new sub- 
stance. This is rarely followed by destruction of the 
histological elements, or by softening of the intercellular 
substance; hence the structure of the tissue is much 
less altered than in the Metamorphoses, and function is 
usually much less interfered with. The infiltrations 
include Fatty, Calcareous, and Pigmentary Infiltration. 
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FATTY DEGENERATION. 

Fattt Degeneration is an abnormal accnmnlation of fat 
in tlie tisanes. An accnmnlation of fat occnrs, however, 
nnder very different circnmstances, and nnder the general 
term of "fatty degeneration" are included different 
pathological processes. Before proceeding to describe 
these processes and the histological changes which they 
prodnce, it will be well to consider, in the first place, the 
sources from which the fat met with in the body is 
derived ; and secondly, the circumstances nnder which it 
may accumulate so as to constitute a morbid process. 

General Pathology of Patty Degeneration. — The chief 
source of the fat met with in the body is the oleaginous 
constituents of the food. A portion of these are stored 
up in the cells of certain tissues, to be utilised as pro- 
ducers of force and heat when the requirements of the 
system may demand it. The cells of adipose tissue, those 
of the medulla of bone, and, to a less extent, those of the 
liver, thus serve as physiological reservoirs for fat. 

The other sources from which fat may be derived is 
from saccharine and albuminous principles. The albu- 
minous principles in the process of nutrition undergo de- 
composition, and the products of their decomposition 
contain a certain amount of fat. This is usuaUy com 
pletely removed by oxidation, but under certain circum- 
stances the oxidation is incomplete, and the fat accumu- 
lates in the cells of the tissue. 

In considering the circumstances under which an accu- 

d2 
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mulation of fat in the tissues may constitnte a morbid 
process, it is to be remarked that it often becomes exceed- 
ingly difficult here to draw any sharp line of demarcation 
between health and disease. This is especially tke case 
when the accumulation of fat is excessive in sitaatioiis 
where fat is normally met with. When it occurs in abnor- 
mal situations the morbid nature of the process is evident. 

An accumulation of fat in the tissues may occur so as 
to constitute a morbid process under the four foUoinring 
conditions : — 

1st. When the food contains an excess of fat, or of 
substances capable of becoming converted into fat. 
Under such circumstances the oxygen taken into tHe 
body is insufficient to oxidise the excess, and it conse- 
quently accumulates in the cells. 

An accumulation of fat from this cause occurs as a 
physiological process in the growth of adipose tissue. 
Adipose tissue is a connective tissue containing numerous 
cells which are distended with fat. The growth of 
this tissue thus consists simply in the fatty infiltration 
of more of these cells. (Fig. 5.) If this be excessive 
it constitutes obesity. The temporary accumulation of 
fat in the liver during the digestion of an aliment rich 
in fatty substances is another example of this kind of 
deposition. This will be described when speaking of the 
** fatty liver." If the amount of fat be veiy great it may 
accumulate, not only in normal situations, but also in 
tissues where fat is not usually met with, and in both cases 
the accumulation will thus constitute a morbid process. 

2nd. When there is no such excess of fatty substances 
in the food, but the processes of oxidation are so imper- 
fectly performed, either locally or generally, that the fat 
contained in a natural diet is incompletely oxidised. 

3. When the fat which is liberated from the nitro- 
genous constituents of the food during the process of 
nutrition does not undergo the complete oxidation which 
it should, and so remains within the cells. 

^th. When the fat which is liberated from the proto- [ 
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plasm of cells dnring the progresH of nDtritdoii b incom- 
pletelj oiidised, and eo accamolateB in, and takes tLe 
place of, the protoplasm. Here there is a gradual replace- 
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ment of the protoplasm bj molecular fat, so that the cell 
nltimatelj maj be completely destroyed. 

Fatty degeneration in which there is this destraction of 
histok^cal elements is one of the most common forms of 
the disease, and it will hereaFter be more fully described 
at fatly netamorphont. Its natnre was first pointed out 
by Dr. Qnain in his well-known researches on fatty dege- 
neration of the heart.* Dr. Qnain then stated that the 
fat met with in the maacnlar fibres in this condition was 
the result of a metamorphosis of the fibres themselveSf 
and was not derired from without. The troth of Dr. 
Qaain's teaching has since been confirmed by the ex- 
perimental investigations of Drs. Yoit and Baner. 

Yoit and Baner's investigations were made with the 
object of determining the sonrce of the fat in that acute 
[orm of fatty degeneration which is produced by poisoning 

• " Kedico-Chirurgical Trans. Lond.," 1S60, tdL izxiii. 
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with phosphorus, in which the degeneration is due mainly 
to the destruction of the red blood cells, and the consequent 
diminution in the oxidising power of the blood.* Thej 
gave phosphorus to dogs which had for some days pre- 
viously been starved, so that any fat which might be 
present in the tissues after death could not have been de- 
rived either from the food or from the adipose tissue of 
the animals. The phosphorus produced very extensive 
and general fatty degeneration, and the fat must obvi- 
ously have arisen from the protoplasm of the cells. Voit 
concludes from these investigations — 1st. That the trans- 
formation of albumin which takes place in cells is inde- 
pendent of the supply of oxvgen, but that if the oxygen 
be deficient, the fat and otner products of the transfor- 
mation, being incompletely oxidised, accumulate in the 
cell. 2nd. That the presence of fat in the cells may thus 
be due to increased transformation of the albumin, or to 
diminished oxidation of the products of its decomposition. 
3rd. That the fatty degeneration in poisoning by phos- 
phorus is due both to an increased transformation of the 
albumin of the cells, and to diminished oxidation of the 
fat and other products of the tranformation. 

It will thus be seen that of the four conditions enume- 
rated as causes of fatty degeneration, in all, with the 
exception of the first, the accumulation of the fat is 
principally due to incomplete oxidation, whilst in the 
first there is no imperfection in the oxidising processes, 
but the oxidisable materials are in excess. These two 
conditions are frequently associated. 
. Incompleteness of oxidation, and a consequent tendency 
to the production of fat, occurs under various circum- 
stances. The red blood cells being the carriers of oxygen, 
all those conditions in which the supply of blood is 
interfered with, the red blood cells diminished in number or 
defective in quality, or the oxygenation of the blood 
imperfectly performed, may lead to fatty degeneration. 

* Voit and Bauer, " Zeitschrift fttr Biologrie," vii. pp. 63-86 ; and 
Voit,. " Nenes Itepertorium fUr Pharmacie," xx. pp. 340^49. 
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Interference with the supply of blood to a part and con- 
sequent fatty degeneration from imperfect oxidation may 
result from narrowing of the nutrient blood vessels. This 
is seen in the heart as the result of atheromatous changes 
in the coronary arteries, and in organs in which the lumen 
of the vessels is diminished by lardaceous changes. The 
interference with the supply of blood caused by inflamma- 
tion, and mechanical congestion in the same way leads to 
fatty degeneration. Organs and tissues which have 
been long disused, and in which consequently the quantity 
of blood circulating through them and the oxidation 
processes become diminished, undergo fatty changes (see 
" Fatty InJBltration of Muscle") ; as do also the cancers 
and other rapidly-growing tumours in which the rapidity 
of growth, is out of proportion to the vascular supply. 

An alteration in the blood as a whole, and a consequent 
general tendency to fatty changes, is seenin chlorosis and in 
those conditions of anssmia which are sometimes produced 
by chronic and acute diseases ; also in the fatty degenera- 
tion which results from the destruction of the red blood 
cells by phosphorus. The long continued abuse of 
alcohol, and the influence of a high temperature, by 
diminishing the absorption of oxygen by the tissues tend 
to produce fatty changes. The senile forms of fatty 
degeneration, which affect especially the cornea and car- 
tilage, are due to that diminution in the activity of the cir- 
culation which exists in old age. Lastly, the imperfect 
oxygenation of the blood which results from chronic diseases 
of the lungs constitutes an important element in the 
causation of the fatty degeneration which so frequently 
exists in these diseases. 

In proceeding to consider the histological changes which 
are produced in the tissues by an accumulation of fat, it 
is in the first place to be remarked that in those cases in 
which the fat is derived from the food, it is, for the most 
part, deposited in those situations in which fat is normally 
met with ; whereas when it originates in the tissues it may 
occur in Ihe cells of any part. The changes produced in 
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the tisBnes mnst obvionslj vary in the two cases. Where 
the fat is derived from the metamorphosis of the nitro- 
genons constitnents of cells the process is accompanied by 
more or less destruction of the cell, and by a corresponding 
impairment of its functional powers — the tissues are 
destroyed in the process ; whilst in the other cases no sucli 
destruction usually takes place. Although these two con- 
ditions may occasionally be associated, yet, owing to the 
marked difference in the results which they respectively 
produce, it will be well to speak of them separately ; that 
in which the fat is derived from the metamorphosis of the 
tissues being termed Fatty Metamorphosis, that in which 
it is derived from the oleaginous, saccharine, or nitro- 
genous principles of the food — Fatty Infiltration, 

PATTY IKFILTaATION. 

In Fatty Infiltration, the fat which is deposited within 
the cells usually occurs as distinct drops of oil. In the 
earliest stages of the process these are very small, but 
as the deposition proceeds they gradually accumulate 
and run together, displacing and obscuring the nucleus 
and protoplasm, until the cell is completely filled and 
^^^ g distended with oil. (Fig. 6.) The 

vitality and functions of the cells 
are but little impaired by the accu- 
mulation, and the protoplasm — 
although rendered almost invisible 
when this is excessive — remains un- 
altered. The cells within which 
the fat accumulates not being de- 
stroyed, the removal of the fat is 
all that is necessary to restore them 
to their original condition. As 
Liver Cells in various already stated, fatty infiltration 

TZlmXSy^ 'X^^ *« * physiological process in 

the growth of adipose tissue, and 
"iso in the liver during the digestion of an aliment rich 
\ttj substances. 
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PATTY DfPILTBATION OP MUSCLE. 

In muscle, fatty iniiltratien is frequently met with as a 
morbid process. The cells in the connective tissue which 
surrounds the fasciculi of the muscle become fiUed with 
fat ; and this development of fat between the primitive 
muscular fasciculi has often been confounded with dege- 
neration of the fibres themselves. In this latter process, 
however, which will subsequently be described as faiiy 
metamorphosis of muscle, there is a direct metamorphosis 
of the muscular fibres into fat ; whereas in the condition 
now under consideration, there is a deposition of fat 
between the fascicali, which remain — during the early 
stages, at all events — unaffected. The interstitial fat 
varies in amount. In some cases single rows of fat cells 
alternate with rows of muscular fasciculi ; at other times 
the accumulation is less regular, more existing between 
some fibres than between others : in all cases, however, 
the muscular elements may be discovered lying amongst 
the fat. (Fig. 7.) If the latter be very considerable 
in amount, the muscle may appear to the naked eye to 
be entirely converted into fat ; but the microscope will 
always reveal the muscular structure in which it is 
embedded. 

This condition is frequently met with in animals which 
have been fattened, the fat increasing not only in the 
usual situations, but also accumulating between the 
&8ciculi of the muscles. In muscles also which from 
any cause have for some time been incapacitated, and in 
which consequently the circulation of blood and the 
oxidation processes are reduced to a minimum, this inter- 
stitial growth is extremely liable to occur — ex. gr., in the 
extensors of the wrist-joint in cases of lead-poisoning, 
and in long-standing paralyses from lesions of the brain 
or cord, also in muscles which have been rendered 
useless by anchylosis of a joint. In progressive muscular 
atrophy, as Yirchow has shown, the affected muscles ex- 
hibit this change, together with true fatty metamorphosis. 
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Falty InfiUrathn of the Heart.— In the heart ffttty 
infiltration is not unf reqnentlj met with ; and here ib im 
especially important to diatinguish it from the macb. 
more grave condition in whidi the fihrea themselves aj-e 
primarily afiected. In health, there is a varying amoant 
of fat covering the surface of the heart beneath the v-is- 
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ceral layer of the pericardium, which is always most 
ahnndant in the grooves between the auricles and ven- 
tricles, where it smTounds the blood -veBsels. This may 
increase so as to completely envelop the organ, and at 
the same time gradually insinuate itself between the 
'uacular fibres, so that to the naked eye all appearance 
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of muscular stractore may be lost, the walls lookiog like 
a mass of fat. In hearts less affected, striaa of fat will 
be seen lying amongst the muscle. (See Fig. 7.) The 
fat is always most abnndant near the snr&ce, the mus- 
cular structure becoming more evident towards the endo- 
cardium. 

The immediate effect of the interstitial growth is to 
displace and compress the muscular fibres between which 
it insinuates itself, and in doing so it diminishes the con- 
tractile power of the muscle. This is especially important 
when occurring in the heart. The pressure, however, 
which it exercises upon the fibres and the accompanying 
bloo<^ vessels, ultimately causes atrophic and degenerative 
changes. Thus the fasciculi gradually atrophy, the trans- 
verse striation becomes indistinct and is replaced by mo- 
lecular fat ; in fine, true metamorphosis of the muscle is 
established. These two processes, indeed, not uncom- 
monly go hand in hand together, the interstitial infiltra- 
tion preceding the intrastitial metamorphosis. 

PATTY INPELTBATIGN OP THE LIVER. 

In the liver fatty infiltration is exceedingly frequent, 
constituting what is commonly known as the "fatty 
hver." The hepatic cells always contain a small quantity 
of fat, which is temporarily increased after the ingestion 
of fatty substances. It will be well to describe this 
physiological infiltration before proceeding to the morbid 
process. 

The ingestion of an aliment rich in fatty substances is 
followed by a temporary excess of fat in the portal blood, 
and by the deposition and temporary accumulation of a 
portion of this within the hepatic cells. This fat is first 
deposited in the cells which are in immediate contact ¥rith 
the capillaries of the portal vein, and thus is produced 
an excess of fat in the cells at the circumference of the 
hepatic lobules. This gradually passes from the cells at 
the circumference to those in the interior, whence it is 
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ultimately conveyed again into the circulation. This 
process goes on nntil the excess of fat is removed fro: 
the blood, when the hepatic cells again acquire thei 
former character. There is thns a transitory acctimal^- 
tion of fat within the hepatic cells which is gradnalljr 
removed, the vitality of the cells not being therel>^ 
impaired. 

The morbidly fatty liver is one which contains an a1>— 
normal quantity of fat, and here also, as the fat is usually 
deposited from the blood in the iK)rtal capillaries, the 
increase is first observable in the external zone of the 
hepatic lobules. (Fig. 8.) It accumulates here within 
the cells as minute globules, which as they indl^ase 
coalesce and form large drops of fat. These ultimately 
completely fill and distend the cells, which at the same 
time become larger and more globular in shape. (See 
Fig. 6.) As the process proceeds, the accumulation 
advances from the periphery towards the centre of the 
lobule, until its whole mass may be involved, and the 
cells universally become distended with fat. The vitality 
of the cells is not materially impaired by the infiltration ; 
they continue to perform their functions, as is shown by 
the presence of bile in the stools and in the gall-bladder. 
In some exceptional cases the accumulation of fat is most 
marked around the hepatic vein. This, according to 
Virchow, is probably to be explained by supposing that 
the fat is becoming excreted, and that only the last cells 
retain a little of it. 

The fatty liver is somewhat increased in size, in ad- 
vanced stages often considerably so. The surface is 
smooth, the edges are thickened and rounded, the specific 
gravity is diminished, although the absolute weight may 
be increased. If the infiltration be slight, involving merely 
the portal zone of the lobules, the cut surface will present 
a mottled appearance, the external fatty zone being of an 
opaque yellowish-white colour, whilst the central portion 
remains unaltered, or is perhaps somewhat hyperaemic. 
^^-^ more extensive the infiltration the larger is the pale 
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zone, and nltimatelj, when the whole lobule is involTed, 
tliere maj be left in the centre merely a. reddish- brown 
point, which corresponds with the commencetnent of the 
Iiepatic vein ; and in many cases even this point is lost. 
The oi^tm is then of an almost aniform opaque yellowiah- 
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FaOs Umer, Bhoning tba accDmnlatiaD of fat m those cells 
more especuilly which are Bitual«d m the eilcraal zone of the 
lobnle. There is also an mcrfaee la the mti. rlobnlar connective 
tissDt) (CirrhoBis). V. Heutic vein L Interlobalar connective 
tisaae. - 5U. 

white colonr, and the boundary between the mdividnal 
loboles may be completely obscured In exceptional 
cases the accnmulation of fat is mnch more abnndant in 
some pcrtiona of the hver than m others, so that on 
section, yellowish points and streaks are seen scattered 
oTer its snrface. The consistence of the oi^;an is mnch 
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diminished, it feels doughy, and pits on pressure witls. 
the finger, and the knife nsed to cut it becomes coated 
with oil. The pressure exercised by the infiltrated fa.'b 
prodnces considerable ansBmia of the organ, but tlie 
interference with the circulation is never sufficient to 
cause ascites, hssmorrhage, or other evidences of portaJ 
congestion. 

The liver is especially liable to become the seat of fatt;y 
accumulation. This, as shown by the late Dr. Bence 
Jones, is owing — ^firstly, to the excess of non-nitrogenous 
oxidisible matter in the portal blood; secondly to the 
deoxidised condition of the portal blood; and thirdly, 
to the low pressure and slowness of circulation in 
the portal vessels — conditions the least favourable to 
oxidation.* 

An accumulation of fat in the liver occurs under two 
opposite conditions — one in which there is general obesity, 
and the fat accumulates in the liver in common with other 
parts ; and another, in which there is general emacia- 
tion, and a consequent impairment of the oxygenating 
power of the blood. The fatty infiltration of the liver 
which is so constantly associated with certain chronic 
diseases of the lungs, is also partly due to imperfect 
oxygenation of the blood from destruction of lung-tissue. 
Fatty liver caused by phosphorus and other poisons has 
been already alluded to. 

The other variety of fatty degeneration — fatty meta- 
morphosis — ^wUl be described in the following chapter. 



* " Lectures on Pathology and Therapeutics." Dr. Bence Jones, 
p. 179. 



CHAPTER V. 

FATTY DEGENEEATION {continued). 

PATTY METAMORPHOSIS. 

This differs from fatty mfiltration, inasmnch as the fat is 
derived from the albnminoxis constituents of the tissues 
themselves, and not from the fatty, saccharine, or nitro- 
genous principles of the food. 

The process consists in the gradual replacement of the 
protoplasm of cells by molecular &t, in the manner de- 
scribed in the preceding chapter. The fat makes its 
appearance as minute granules and molecules, usually 
first in the protoplasm, and subsequently in the nucleus. 
The granules — which are characterised by their dark 
colour, sharp contour, strong refractive power, and solu- 
bility in ether — gradually increase in number, and 
ultimately the whole of the protoplasm may be trans- 
formed. As they increase some of them may coalesce, 
and so form distinct drops of fat. As the process pro- 
ceeds the cells undei^o an increase in size and become 
more globular in shape, the nucleus becomes involved, 
the cell-wall, when this exists, is destroyed, and the cell 
may thus be converted into a mass of granular fat. 
(Pig. 9.) 

These granules of fat sometimes remain for some time 
in a coherent form, and they then constitute what were 
formerly known as the "inflammatory" or "exudation 
corpuscles," or "corpuscles of Gluge," which are so 
common in chronic cerebral softening, and in some other 
forms of fatty degeneration. (Fig. 9, h.) Ultimately the 



48 NUTRITION IMPAIRED. 

albuminoas matter between the grannies of fat liqnefie8,the 
corpnscles break np, and the fat becomes distributed in the 
tissue (Fig. 9, h). These granular corpuscles will be more 
fully considered when speaking of cerebral softening. 

Fig. 9. 

6 







littty Metamorphosis qf Cells, a. From a 
cancer, b. From the brain in chronic soften- 
ing. The latter show the large " granular 
corpuscles/* and also the manner in which 
these become disintegrated, x 200. 

Types of this pathological process are furnished by- 
many well-known physiological ones, one of the most 
characteristic of which is perhaps the secretion of milk. 
The secretion of milk takes place in the following manner: 
— The mammary gland becomes exceedingly yascular, 
white blood-corpuscles escape from the vessels, the epi- 
thelium multiplies, and a large number of young cells 
thus make their appearance in the ducts of the gland. 
These cells as they are produced become converted into 
fat, the cells break up, and the fatty matters in a more 
or less coherent form constitute the milk-corpuscles. In 
the earliest stages of the process the granules of fat 
cohere and form the colostrum -corpuscles, which are pre- 
cisely analogous to the large granular corpuscles met 
with in chronic cerebral softening, &c. (Fig. 9, h) ; but as 
the secretion becomes fully established, and the disinte- 
gration of the cells takes place more rapidly, the fatty 
molecules become at once distributed in the liquid in 
which they are suspended, giving to the secretion its 
characteristic white colour. The milk-corpuscles thus 
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formed are replaced oontinnonsly by new ceDs, vbidi in 
their tarn imdergoiattymetamoipliom»,«ndin this manner 
a continuous formation and destmction of cells take 
place. Other examples of fftttj metamorphosis are affinded 
bj the formation of the sebaceous matter of the skin, the 
cerumen of the ears, and the corpus lutenm in the orazy ; 
all of which take place in the same way by the fatty 
metamorphosis and destmction of newfy fanned ceQs. 

The immediate effect of &tty metamorphosis is to pro- 
duce more or less softening of the affected part, and 
necessarily to impair or annihilate function. If large 
tracts of tissue are affected, the change is readily recog- 
nisable by the diminution in consistence and elasticitj 
which, are produced, and in many cases also by the 
opaque yellowish- white colour. If, howerer, the diange 
is limited to minute portions of the tissue, its existence 
can only be discovered with the aid of the microeeope. 

The fiitty particles into which the oeDa have been 
transformed are, under favourable circumstances, readfly 
absorbed. The fat may thus be removed and the degene- 
rative process cease before the part has been dangeroujdy 
involved. Such recovery probably often occurs, for ex- 
ample, in the kidneys and heart. When the elements 
are completely d^enerated the fatty debris is also 
usually removed by absorption. This is seen in the fatty 
degeneration and absorption of inflammatory products, 
such as occurs in croupous pneumonia. In order for 
such absorption to take place it is necessary that the 
tissue should be freely supplied with blood-vesseLi. If 
this is not the case, the degenerated products are liable 
to undergo certain changes whereby they become eon- 
verted into a pultaceous crumbling material somewhat 
Tesembiing cheese : — this is known as caseation. 

Caseation. — ^This is a modification of the d^enerative 
process in which the fiitty products gradually dry up into 
a yellowish friable material, which has been compared to 
soft cheese. This change appears to be owing to a 
natural dryness of the degenerated tissue, resulting from 
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deficient yaflcular snpplj. It is most freqnent in psLTt 
which contain but few vessels, or in those in which tlxes 
become obliterated by inflammatory products or by soxn 
new growth. Growths composed of closely- crowded cells — 
as epithelial accumulations within the pulmonary alveoli 
growths in the lymphatic glands, in the brain, and iz 
osseous structures, are the most liable to become caseous 

The process consists in a gradual drying up of tlic 
degenerated elements ; the fluids are absorbed, the cells 

— which are many of them incompletely degenerated 

shrivel and atrophy, the fat undergoes partial saponifica.* 
tion, cholesterine forms, and the tissue thus becomes 
converted into a soft, yellowish-white, cheesy substance, 
composed of atrophied cells, fatty debris, and cholesterine 
crystals. This material may gradually dry up more and 
more, and iiltimately become encapsuled by a layer of 
fibrous tissue. 

These cheesy matters are constantly met with, espe- 
cially in the lungs, and considerable confusion has arisen 
as to their nature and origin in this situation. This has 
proceeded from its having been formerly the custom to 
look upon all cheesy masses as essentially tubercular. 
Tubercle, it is true, often undergoes, to a greater or less 
extent, fatty degeneration, and it may thus, like all 
other growths which have undergone this process, be- 
come converted into a yellow cheesy substance; but it 
is by no means true that all cheesy masses are tuber- 
cular. The pathological significance of caseation is 
thus less limited than was formerly supposed, and 
although this change is undoubtedly most common iii 
tuberculous and scrofulous lesions, its occurrence merely 
indicates that the elements have undergone fatty meta- 
morphosis, and under no circumstances is it in itself 
evidence of any one particular form of morbid growth. 
(See " Scrofulous Inflammation.*') 

The caseous mass may subsequently become calcified, 
or undergo a process of softening and liquefaction. 

Calcification. — This is an advanced stage of the pre- 
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ceding process. It most frequent! j occurs in those 
in which the caseous mass is completely eudosed and 
isolated from the external air, as when in the lymphatic 
glands, in bone, or when encapsuled in the lungs. The 
mass becomes infiltrated with calcareous particles, and is 
thus converted into a csJcareous concretion. (See ** Cal- 
careous Degeneration.*') 

SoFTENiKG. — ^This process consists in a lique&u^tion of 
the caseous substance, which is probably owing to some 
chemical change in its constituents. It most commonly 
occurs in parts which come into contact with the external 
air, especially in those situated in the lungs. The 
caseous mass hquefies, and is converted into a thin puri- 
form liquid, containing curd-like cheesy matter, wiiich to 
the naked eye looks much like pus, but under the micro- 
scope is seen to consist simply of granular debris, fat, 
and cholesterine crystals. This, if not discharged, may, 
like the caseous masses, unltimately dry up and become 
calcified. 

FATTY DEGENERATION OF AKTEBIES. 

Fatty degeneration of arteries may be a primary or 
secondary affection. As a secondary process it is met 
with in atheroma and other inflammatory conditions of 
the vessels, in which the fatty change is preceded by 
a cellular infiltration of the sub-endothelial connective 
tissue. (See " Atheroma.") 

Primary fatty degeneration is a passive process, not 
being preceded by any increased nutritive activity of the 
parts affected by it. It may affect both the internal, 
middle, and external coats of the artery, but it is most 
common in the first-named situation. The change usually 
commences in the endothelium and the connective tissue 
cells in the most internal layers of the inner coat, small 
groups of cells becoming affected in various parts of tho 
vessel; and it may gradually extend from within out- 
wards, the intercellular substance softening, until, in 

e2 
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eiceptjon&l casea, the whole tiuckneas of the intima i 
destroyed. (Fig. 10.) 
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In the earlier sta:ge3 of the procesB the condition ia 
recogniaed hj the exiatence of Bmall, irregnlar-ahaped 
patches of an opaque yellowiah-white colonr, projecting- 
very alightly above the earface of the intima. These, 
which are so cnn^tautly met with on the lining membrane 
of the Borta, may at firat be mjataken for atheroma. 
They are in moat caaea, however, readily distingiuahable 
by their eoperficiality, and by the facility with which 
they can be atripped off from the sntjacent layers, which 
present a nataral appearance. In atheroma, on the other 
hand— which affects the deeper strnctnrea — if the aaper- 
ficial layer be removed, the opacity and thickening are 
seen to eziat beneath it. In many casea the change is 
limited entirely to the innermost layers of the vessel ; the 
more the sabjacent tissaee are involved, the greater is the 
irreipilarity in the ahape of the patchee,and the leas readily 
(-.an they be aeparated witji the forceps. The opaqne 
patches. occasionally break down, the ceUa are destroyed, 
the intercellular substance soSena, and the granular d£bris 
is carried away by the circulation, leaving small, irregular, 
'iperfioial erosions upon the lining membrane of the 
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Teasel. ^Hiese enwioiia are net iileen in tfae trmm a^ne of 
tliat term, not being the result of as aetnc ■proawm. ^wj 
resemUe the anper6cial eroaaaa wo nxunoa vpam t^ 
macona tuembiaiie o( the stranacfa, >• dneribed bj Dr. 
Wflaon Fox. 

Simple tattr degeneration may oeenr in aay li the 

arteries, bat it is in the HnuDer cmea that ita iajui i uMB 

inflaence is most nuu:led,and in these it tamoreeapeeiaDj 

liable to aSeet the exteroal ecwL (Kg. 11.) Bete, br 

Fio. 11. 



ijimimshiiig the daeticitj and nmti'aietilitj of the imili, 
it cansea dc^eneiatiTe changes in the paits whieh they 
snpplj, and often leads to mptore. This is exeiD{dified 
bj manj cases of chronic eerebrsl softening and oerdtnl 
hemorrhage, although here athcmnatoo* are oftoi asso- 
ciated with the fiittj changes. In the larger artoiea, as 
the aorta — where it is eiceedingly e(nunion~-it is of leas 
importance, the inflaounator; process, atheroma, baring 
here a tax more deleteriona effect. 

Fatly Degeneration of CapSlarUa. — llie capillaries may 
also be the seat of fattj changea. Bere they are moat 
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common in the nervons ^centres, and in the kidneys in 
Bright's disease. (See Fig. 11, h.) The process commences 
in the endothelial cells, and may involve considerable areas 
of the capillary wall, so that mptare is often the ultimate 
resnlt. This is common in the smallest cerebral blood- 
vessels, where it is sometimes a canse of cerehral (capillary) 
hsBmorrhage. 

Primary fatty degeneration of blood-vessels is in most 
cases a senile change ; it is an expressson of that general 
impairment of vitality which exists in advanced life, and 
is nsnally associated with similar changes in other parts. 
When, however, it is limited to the lining membrane of 
the largest arteries it is often met with in early life and 
in persons who are otherwise perfectly healthy. Fatty 
degeneration secondary to inflammatory conditions will be 
considered sabseqnently. (See " Inflammation of Blood- 
vessels.") 

PiLTTY DEGENERATION OP MUSCLE. 

Both striated and non-striated muscle may be the seat 
of fatty degeneration. In the latter, the muscular fibre- 
cells are the seat of the change ; they become filled with 

fat granules and are ultimately de- 
^^' ' stroyed. This condition is frequently 

met with in the middle coat of arteries 
which are undergoing fatty degene- 
ration. 

In striated muscle — ^both in the 

voluntary and in the involuntary of 

the heart — the fibres themselves are 

Fatty Degeneration the seat of the morbid process, which 

qf Muscular Fibres consists in the replacement of the al- 

0/ Heart, a. Earlier . ^x r i.- v av fiv • 

stage, b. More ad- buminous matter oi wnicn the fibre is 

vanced. x 400. composed by fat. The earliest stage 

of the affection is characterised by 
an indistinctness in the transverse markings of the fibres, 
which in many parts- become studded with minute par- 
•ticles of fat. (Fig. 12.) These gradually increase in 
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number and size, and are nsuallj distribnted somewhat 
irr^rolarlj within the sarcolemma. In some parts 
single rows of grannies are found running along the length 
of the fibre; in others, they are grouped around the 
nuclei or arranged in transverse lines corresponding 
^th the striad of the muscle. The fibres become 
extremely friable, and are readily broken up into short 
fragments. As the process proceeds the transverse 
markings entirely disappear, and nothing but molecular 
fat and oil globules are seen within the sarcolemma. 
The sarcolemma itself may ultimately be destroyed, and 
nothing remain of the original fibre but the fatty debris 
into which its albuminous constituents have been con- 
verted. This is true fatty degeneration of muscle ; in it 
the muscular elements are destroyed, and it thus differs 
essentially from fatty infiltration, in which there is 
simply a development of fat between the fasciculi, the 
fasciculi themselves not being primarily affected. (See 
" Fatty Infiltration of Muscle.") 

PATTY DEGENEBATION OP THE HBAET. 

It is in the heart that fatty degeneration of muscle is 
most frequently met with, and here it assumes a most 
important aspect from the deleterious influence which it 
exercises upon the motor power of the organ. The mus- 
cular substance may be affected throughout, or the dege- 
neration may be confined to certain portions of it. The 
wider the extent of tissue that is affected, the less 
advanced, as a rule, is the degree of the degeneration. It 
is in those cases in which small tracts of tissue only are 
involved that the process is met with in its most advanced 
stage. 

When the change is slight and more or less general, 
the muscle is somewhat softer and more flabby than 
natural ; it is more friable, and often breaks with a soft 
granular fracture; and its colour is rather paler and 
more opaque than that of healthy cardiac tissue. Under 
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the microBCope the maacalar fibres are Been to have Icsti 
to Bome extent their striated appearance, and to contun 
grannies of fat. (Fig. 12, a.) 

This diffuse form of degeneration maj occur in 'Jie 
oonrBe of those digeases in which the oxidation procesKS 
are rednced to a minimam ; in all those dieeaaes, in short, 
which B.re attended hj marked anemia, whether ttis 

rio. 18. 




Acute Fatly DegewraHon qf Heart and qf other Muiclti a Heart 
b, RectnB abdomims. The whole of the heart tissue vgs affected, 
. and aUo the muaclea in other parts of he body y 4D0 

aniemia be gradnallj or rapidly induced. In the case 
from which the accompanying drawing was taien the 
degeneration waa acnte. (Fig. 13.) This was the case of 
a neaklj young girl who was nnder my care sofiering 
from slight valvnlar disease. She quickly succumbed 
with acnte fatty degeneration of the heart and other 
muscles, which was induced by a profuse loss of blood 
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daring a menstrual period, and bj inabilitj to retain 
food.* Interf erenoe with the circnlation in the conmarj 
arteries is also a fireqnent canse of a more or less general 
degeneration of the mnscnlar tissne. This occors 
especiallj as a resnlt of aortic incompetence, and explains 
the early failure of cardiac power in this form of YalTolar 
disease. Atheromatous changes in these arteries, such 
as resnlt from the increased blood-pressure of Bright* 8 
disease, lead in the same waj to fatty degeneration. 
Xiastlj, inrits slightest degrees, a diffuse fattj degeneration 
of the heart sometimes occurs in the course of acute febrile 
diseases. This will be again referred to in the chapter 
treating of the histological changes produced b j pyrexia. 
Sometimes the degeneration, although perhaps more or 
less general, is much more advanced in some parts than 
in others. In such cases the heart presents a mottled 
appearance ; opaque pale yellowish or brownish patches 
are seen irregularly distributed throughout its substance. 
These patches, which vary considerably in size and form, 
are met with especially in the papillary muscles, the 
oolumnsB camesB, and in the layers of fibres immediately 
beneath the endocardium. They may also occur beneath 
the pericardium, and in the deeper portions of the organ* 
They correspond with the most degenerated portions of 
the tissue. They are soft and flabby, and have a rotten 
consistence, tearing readily under the finger. Under the 
microscope, the fibres are seen to be in an advanced stage 
of fatty degeneration, their sarcolemma containing mole- 
cules of fat and oil globules, which in many parts have 
escaped and lie free amongst the surrounding less degene- 
rated tissues. (Fig. 12, b.) These more locaJised degene* 
rations are most common in old people, and usually result 
from considerable disease of some branches of the coronary 
blood-vessels, and not from conditions of general anaRmia. 
The peripheral layers of muscular tissue also frequently 



• This case is reported in ** Trans. Clinical Sodety, LoadoD,'* 
voLviii 1875. 
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undargo extensive fatty degeneration m the reanlb of 
pericarditis. The connection between these localised 
degeoerattonB and rapture and anenrism of the baa,rt 
it well known. 

Bkowm Ateofhy of tbb Hb4KT.— Some what allied to, 
and oecaaionall; associated with, fattj degeneration of tlie 
heart, is the condition known as brown atrophy. Ttiis 
oousista in a gradual atrophy of the mnscolar fibres, 
together with the formation of granates of brownisli- 
jellow or blackish pigment. These grannies of pigmea't, 
which are probably tiie colon ring matter 
'"■ of the nmaole, are either gronped 

in clasters around the naclei, or more 
generally distributed within the fibre. 
The fibres are freqnently, at the same 
time, the Beat of more or less iatty 
degeneration. (Fig. 14.) This change 
nsnally occurs as a senile one, or as a 
part of general marasmus from other 
causes. It is also met with in some 
Broum J^^v if cases of cardiac hypertrophy. Ite 

the Heart. Showing .,. . . .-"^ f ■" ... 

the jmiDnkB of pig- recognition is in most cases unpossible 

niBnt ind the atro- without the aid of the microscope, 
phy of the fibres. 

i,^^''^'^udei°- ""' DEORNEBATION Ot THE KIDNETS. 

S^r"ii"'^«o" F»"y degeneration of the kidneys 
freqnently occurs as a result of infiam- 
mation of the organs. This secojidary degeneration 
will be alluded to when treating of renal inflam- 
mations. Primary fatty degeneration is much less fre- 
quent. It must be borne in mind that the renal epithe- 
lium very commonly contains more or less fat ; but it is 
only when this is excessive that it can be regarded as 
a diseased condition. This eiceaaive formation of fat in 
the kidney is, I think, less common than is generally 
sappoaed. It is, however, occasionally met with in chronic 
diseases, especially in palmonary phthisis. It is also 
"It of poisoning by phosphorus. 
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In simple fatt j degeneration the change is nsnally con- 
fined to the epithelinm of the cortex. The cortex presents 
on section a somewhat yellowish-white snrface, often 
sliglitlj mottled, and this, in most cases, is most marked 
near the bases of the pyramids. There is no adhesion of 
the capsnle or granulation of the snrface. This change 
appears to interfere but little, if any, with the functions 
of the organs, and in this respect it resembles the analo- 
gous change in the liver. It is not usually accompanied 
by albuminuria. 

CEREBRAL SOPTENING. 

This is perhaps the most suitable place to speak of 
cerebral softening, inasmuch as fatty degeneration of the 
brain-tissue usually constitutes a prominent feature in 
the histological changes. Softening of the cerebral sub- 
stance is essentially a necrotic process, and may result 
from all those conditions which interfere with vascular 
supply. The portions of the brain which are the seat of 
this change may be merely rather softer than the sur- 
rounding healthy tissue — breaking down more readily 
ander a stream of water which is allowed to fall upon 
them— or. they may be completely diffluent. They are 
nerer distinctly circumscribed, but pass by insensible 
gradations into the neighbouring tissue. 

Under the microscope the change is seen to consist in 
a disintegrration of the nerve-tissue. The white substance 
of the fibres first coagulates, then breaks up into masses 
of various sizes (myeline), and these usually undergo more 
or less fatty metamorphosis. The cells of the neuroglia, 
the small blood-vessels, and, when the grey matter is 
implicated, the large nerve-cells, are also involved in the 
necrotic change. The tissue is thus converted into broken- 
down fibres, granular matter, and molecular fat, and 
amongst this are numbers of the large granular cor- 
puscles already alluded to (Fig. 15). These corpuscles, 
as previously stated, although formerly looked upon as 
the result of inflammation, appear to be simply con* 
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glomerations of granular matter resulting from tk 
degeneration of cellular elements (see Fig. 9), and 
the brain, where thej are much the most common, man^^ 
of the granules are probably myeline and not fat These 
corpuscles are exceedingly characteristic of cerebral soften* 
ing. They vary in size from -g^ to ^^^^ inch in diameter, 
and originate, according to Yirchow and Bobin, from the 
cells of the neuroglia — ^the connective tissue of the brain. 
The small arteries and capillaries running through the 
softened part are many of them filled with granules and 
granular cells, the latter probably originating in the 

Fig. 15. 
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Chronic White Sqftening qf the Brain. — Show- 
ing ttie granular corpuscles, broken-down nerve- 
fibres, and fat granules, of which the softened 
substance is composed. One or two nucleated 
cells (probably nerve-cells) are also visible. 
X 250. 

white blood-corpuscles which have accumulated in the part 
and undergone fatty changes. As the process proceeds 
the cerebral substance is completely destroyed and all trace 
of nerve-structure is ultimately lost.* 

The colour of the softened portion varies considerably. 
It may resemble that of the surrounding healthy tissue, 
or be of a yellowish or reddish tint. According to 

* According to Prof. Oohnheim the granular corpuscles are 
white blood-cells impregnated with fatty or other particles derived 
from the surroundiag aegenerated tissue.-^ For^ewn^^en tteber AUg, 
PatholoQiej fiandJU 



PATTY DEGENERATION. 61 

these variations in colour, cerebral softenings have been 
classified into white, yellow, and red. The coloar depends 
in great measure upon the amount of blood contained 
in the part, and on this account is important, as in* 
dicating the manner in which the softening has been 
brought about. 

White Softening.*— Tina is, in the great majority of cases 
a chronic process. It occurs especially in old people, 
and is usually due to that disease of the smaller cerebral 
blood-vessels and consequent interference with the circu- 
lation mrhich is common as a result of age. The impair- 
ment of the contractile power of the heart must also con- 
stitute an auxiliary in the causation of the imperfect 
vascular supply. It is the gradual manner in which the 
supply of blood is diminished which accounts for the 
absence of hyperaemia or hsBmorrhage, so that the colour 
of the softened portion either resembles that of healthy 
brain-tissue, or is an opaque dirty white. White soften- 
ing is sometimes acute, in which case it is usually due to 
the sudden obstruction of the circulation by the impaction 
of an embolus in one of the larger arteries. (See " Embo- 
lism of the Brain.") 

Yellow Softening, — This is, in most cases, simply a 
variety of the former process, in which, from the fine 
state of division and close aggregation of the granular 
matter, a dead yellowish-white colour is imparted to the 
softening tissue. This colour is probably often partly 
owing to the presence of altered blood pigments, the 
result of some previous slight extravasation. The pig- 
ment may sometimes be seen as fine dark granules, scat- 
tered through the cells of the neuroglia and the nerve- 
cells of the grey matter, where at first sight they look 
like fatty particles : they are distinguished, however, by 
their dark black colour. A softening of the brain more 
rapidly induced, as by embolism or thrombosis, may also 
occasionally be of a yellow colour. This, however, is only 
the case when the softened portion has attained a certain 
age, and much of the extravasated blood has been re- 
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moved by absorption. Lastly, a condition of gelatinous 
oedema of a yellow colour, which has been described \>y 
Bokitansky as often being present in the immedl^i^e 
vicinity of cerebral tumours, has been regarded as sl 
variety of yellow softening. 

Bed Softening, — This is commonly a more acute affec- 
tion, most frequently dependent upon vascular obstructioxi, 
either from embolism or thrombosis. There is collatera,! 
hypersdmia, rupture of capillaries, and extravasation o£ 
blood ; the softened tissue is consequently of a deep red 
colour. These forms of softening will be described in the 
chapter on ** Embolism." Bed softening is also sometimes 
associated with the chronic white variety, some of the 
diseased vessels giving way, and thus extravasation of 
blood taking place into the already softened tissue' 
Lastly, red softening may be inflammatory. (See " In- 
flammation of the Brain.") 



CHAPTER VL 

MUCOID AND COLLOID DEGENERATION. 

Under this head is inclnded a class of morbid changes 
which are characterised by a peculiar softening of the 
tissues. Colloid and mucoid degeneration have frequently 
been described under the common term of " colloid soften- 
ings, but, although they are very closely alhed and 
sometimes associated, they appear to constitute two 
distinct processes ; the former affecting more especially 
the cells, the latter the intercellular substance. 

MucoED Degeneration. — This consists in the transfor- 
mation of the albuminoid constituents of the tissues into 
mucin, owing to which they become conyerted into a 
material of a soft, mucilaginous, jelly-like consistence. 
This is the condition of nearly all tissues in their imma- 
ture or foetal state : the connective tissues in the foetus 
consist almost entirely of this soft mucin-yielding sub- 
stance. Some tissues retain these characters after birth. 
The umbilical cord, and the yitreous humour of the eye, 
are both composed of this substance. 

A mucoid change occurs as a physiological process 
in the secretion of mucus. The newly-formed cells 
undergo mucoid transformation, which results in their 
destruction, and the mucus is thus liberated. It is con- 
sidered probable by some that the cells may also evacuate 
the mucus without being destroyed. This process occurs 
much more rapidly in all catarrhal conditions of the 
mucous membrane. 
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Ab a pathological procesB mucoid degeneration aS&c'ts 
especially the intercellolar substance. The intercellxilsLZ' 
sabstance of the connectiye tissnes in their fully de- 
veloped state consists of gelatin and chondrin, and 'Ltte 
mucoid change is thus a reyersion of this substance to its 
foetal condition. 

Mucin is closely allied to albumen, more so than to 
either gelatin or chondrin: it differs from it in not con- 
taining sulphur. Like albumen, it is only met with in 
alkaline fluids — being held in solution by the free alkali — 
from which it is precipitated by dilute acetic acid. Xt 
differs from albumen in being insoluble in an excess of 
the acid, and also in not being precipitated by boilin^jr, 
by tannin, or by bichloride of mercury. Its behaviour 
with these two reagents will also distinguish it from 
gelatin and chondrin, which are both precipitated by 
them. 

The mucoid change is by no means a common one. It 
is most frequently met with in cartilage, especially in the 
inter- vertebral and costal cartilages of old people. It also 
occurs in serous membranes, in bone, and in many of the 
new formations, especially in those of the connective 
tissue class. Wherever it occurs it produces softening 
of the affected parts ; which are transformed into a homo- 
geneous, colourless material, of a soft mucilaginous 
jelly-like consistence. If the change is limited to isolated 
portions of the tissue, the softened parts surrounded by 
those which are unaltered, often present the appearance 
of cysts. These cyst-like formations containing mucoid 
substance are not uncommonly met with in the costal 
cartilages and in new growths. 

As to the cause of the mucoid change, nothing is 
known. 

Colloid Degeneration.— This differs from the former, 
inasmuch as it is the cells which are more especially in- 
volved in the process. 

The change consists in the metamorphosis of the albu- 
minoid constituents of the cells into a substance known 
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Fig. 16. 



colloid material. Colloid closely resembles mncin, but 
i-t differs from it chemically, in containing snlplinr, and in 
iio1> being precipitated by acetic add. It is a colourless, 
"brsLiisparent, glistening material of the consistence of jelly 
oir lialf-set glue. It makes its appearance within the cells 
&8 small lamps, which gradnally increase in size, pushing 
tiie nucleus to one side, until they completely fill the cell. 
(¥4g. 16.) The cells are thus destroyed, and converted 
into colloid masses. The small colloid masses sub- 
sequently swell up, coalesce, and so 
form larger masses of firm, transpa- 
rent, yellowish, jelly-like material, 
-wliich are readily to be recognised by 
the naked eye. As the colloid matter 
increases, and the cells are destroyed, 
the intercellular substance atrophies 
or softens, and in this way cyst-like 
cavities are formed, within which is 
contained the gelatinous substance. 
Sere it may subsequently undergo a 
process of liquefaction. (See Fig. 58). 

The coUoid change is most common Colloid Cells, from 
in enlargements of the thyroid gland ^£e1i.) '^'^''* 
(goitre), in the lymphatic glands, in 
the choroid plexus, and in many of the new formations. 
(See ** Colloid Cancer.") Its causes and nature are as 
obscure as those of the allied mucoid softening. 

It is when occurring in new formations that these two 
forms of degeneration assume their most important 
aspects. Certain varieties of tumours may originate as 
mucoid or colloid growths, or may subsequently undergo 
these morbid transformations. The mucous tumours 
(myxomata), which resemble in structure the umbilical 
cord, consist entirely of a gelatinous mucin-yielding sub- 
stance. 'The sarcomata, lipomata, enchondromata, and 
the cancers may also become the seats of these forms of 
softening. Such growths have sometimes been described 
as gelatiniform or colloid cancers, this term having been 
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applied to them without auj regard to their atmctore ox- 
real natnre. Cancers, it is true, may undergo a coll.ox<3 
change (see "Colloid Cancer"); bnt it ia b; no mea^zis 
trae that all tmnonrs posBeBsing these soft gelatinif oz-zn 
characters are cancers. The terms " mnooid" or "colloi«i'" 
apphed to a new growth merely imply certain phyaic^tJ 
and chemical characters, and convey but little informa- 
tion as to its real uatore. 

MUSCUIAR CEANQES IN TTFHOm FEVSK. 

AllDBion must be mado here to a change met with in. 
the mnscles in typhoid fever, and occurring under certain, 
other conditions, which was first described by Zenker, 
and which has been supposed to be somewhat allied to 
colloid degeneration. This change, when occnrring in 
typhoid, is most marked in the recti ronscles of the 




le Solent Muade from a Catt i^ 7)iphiM 
rntr. Frepamtion trosed after treatment vith MOller'a 
Fluid. X 2lH). Reduced J. 

abdonien,the adductors of the thigh, and in thediaphrt^m. 
The portions of muscle affected are paler than nataral, of 
a reddieh-grey or brownish-yellow colonr, and abnormally 
friable. Under the microscope, the altered fibres are 
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mncli swollen, the transverse striation is lost, and the 
sarcolemma is occupied by a homogeneoos, stmctnreless 
material. This material is exceedingly brittle, and, aa 
nsoally seen, presents a wrinkled appearance, or is broken 
np transversely into several irregnlar fragments. (Fig. 17.) 
The fibres are never universally affected, but many normal 
are associated with altered elements. This change 
necessarily impairs the contractile power of the mnscle, 
and it often leads to mptnre of some of the fasdcnli 
and haemorrhage. The new material appears to be 
readily absorbed, and the lost fibres to be qoickly re- 
generated. 

With regard to the nature of the change, but little is 
known. Although most frequent in typhoid, it occurs 
occasionally in other severe febrile diseases. It is also 
described by Oomil and Banvier as sometimes occurring 
in muscles in the neighbourhood of abscesses, of infiamed 
bone, and of tumours. Muscles which have been bruised 
or otherwise injured, whether before or after systemic 
death, occasionally exhibit a similar change ; and Prof. 
Cohnheim considers that it is probably merely some 
disturbed form of post-mortem coa^lation of the 
muscle. Whether this be so, or whether the change is 
due to some abnormal chemical process taking place in 
the muscle during life, must in the present state ol oar 
knowledge remain uncertain. 
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CHAPTER VII. 

LAEDACEOUS DEGENERATION. 

LA.RDACEOUS degeneration, which is one of the most im- 
portant of the degenerative processes, is an alteration in 
the tissues characterised by the appearance in them of a 
peculiar homogeneous translucent substance closely tiJlie<2 
to albumen, by which their vitality becomes diminished 
and their functions impaired. It is often known as the 
amyloid change, this name having been applied to it by 
Virchow, from the supposed resemblance of the new 
material to cellulose or starch. The term lardaceoas 
originated in the fact that the affected organs have some- 
what the appearance of lard or wax, and as being that by 
which it is perhaps most generally known, it is here 
adopted. 

This form of degeneration is very rarely a primary 
affection, but almost invariably occurs as the sequel of 
some other disease. There are two conditions which 
appear to be especially concerned in its causation — 
suppuration and syphilis. It is in those diseases which 
are attended by profuse and long-continued suppuration, 
such as chronic diseases of bone, empyema, chronic dis- 
integrative diseases of the lungs, chronic pyelitis, and 
chronic intestinal ulceration, that the lardaceous change 
is most frequently met with. It also occurs in the ad- 
vanced stages of syphilis, but especially in those cases in 
which there is chronic bone disease or chronic ulceration. 
In quite exceptional cases it is met with in the absence of 
either of these conditions. 
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Nearly eyery organ and tissue may be the seat of tlie 
cliange ; those, however, in which it is especially prone to 
occur are the UveTj the spleen, the lymphcUie glands, the 
Iddneys, and the vrUestvnes. It is met with less frequently 
in the stomach, in the supra-renal capsules, in the 
pharynx, the cesophagus, in the bladder, prostate, and 
^eneratiye organs, in serous membranes, in the mem- 
l>ranes of the brain and cord, and in musde. It also 
occasionally affects pathological products, as thrombi, 
inflammatory exudations, &c. It is rarely limited to one 
organ, but several organs are almost invariably simul- 
taneously affected by it. 

Bespecting the nature of the new material which exists 
in the tissues, the analyses of Kekul^ and Schmidt show 
that it is a nitrogenous substance closely allied to albu> 
men. The conclusions arrived at by these observers are, 
however, not satisfactory, as they were unable completely 
to separate the substance from the tissues. More 
recently, KUhne succeeded in more completely isolating 
it. He submitted the affected organs to a process of 
artificial digestion, and inasmuch as the lardaceous 
substance is not dissolved by digestion with pepsin, it 
was thus obtained free from the tissues in which it was 
contained. The result of Kiihne's analyses is very 
similar to those of Kekul^ and Schmidt. Dr. Dickinson 
regards the new substance as fibrin deprived of its 
alkaline salts. The iuvestigations of Dr. Marcet* show 
that the affected organs are considerably deficient in 
potash and phosphoric acid, whilst they contain an excess 
of soda and chlorine. In conclusion it may be stated 
that, although the precise composition of the lardaceous 
substance has not yet been determined, the results of the 
several analyses appear to justify the opinion that it is 
some modification of albumen. 



• See '*Beport of Committee on Lardftceous Disease,'* Trans, Path. 
Soc Lond, 1871. 



70 NUTRITION IMPAIRED. 

The most characteristic feature of the lardaceons sub- 
stance is the peculiar reaction which it gives with iodine, 
and with iodine and sniphnric acid. If an aqneons 
solution of iodine — ^made with the help of potassium 
iodide — be applied to a lardaceons organ, the affected 
portion changes to a deep reddish-brown colour. This is 
not permanent, but gradually passes off, and the part 
regains its former appearance. If the application of the 
iodine be followed by the cautious addition of sulphuric 
acid, a blackish-blue or violet tint is produced. This 
latter reaction, however, is not easily obtained, consi- 
derable nicety being required in the application of tlie 
reagents. The following is the method for obtaining it, 
recommended by Professor Virchow : — ^A dilute aqueous 
solution of iodine must be allowed to soak well into the 
tissue, the excess must be poured off, and a single drop 
of concentrated sulphuric acid gradually added, when a 
blue or violet colour will be produced, either at once or 
after some time. In the hands of EngUsh pathologists this 
latter reaction has certainly met witii but little success ; 
and if the colour be obtained, it is by no means satis- 
factory, and more nearly resembles a black than the blue 
which has been described. Fortimately, however, the 
reaction with iodine alone is sufficiently characteristic, 
and the attempt to obtain the blue by the subsequent 
addition of sulphuric acid, is therefore quite unnecessary. 
If the change is at all advanced, the reddish-brown colour 
will be produced by merely pouring the aqueous solution 
of iodine over the cut surface of the organ ; but in slighter 
degrees of the affection, thin sections must be made with 
a Valentin's knife, and well washed with water to remove 
the blood, before the coloration with iodine can be ob- 
tained. 

Certain other forms of altered albumen exhibit a 
similar colour when treated with iodine, so that this 
reaction cannot be regarded as absolutely characteristic. 
Kecently M. Comil has discovered another property of 
the lardaceous substance, which consists in the deep 
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violet staining wlucli the affected tissnes undergo when 
treated with a solution of methylaniline. This reaction 
appears to be valuable, inasmuch as the staining is 
much more permanent than that caused by iodiae, and 
thus is more suited for microscopical purposes ; and 
as the iodine reaction can be obtained with other albu- 
minous bodies, M. Comirs method is especially valuable 
as a confirmatory test. 

The lardaceous substance usually makes its appearance 
first in the small arteries, the cells of the intima and of 

Fig. 18. 




Lardaceom Liver Cells, a. Single cells, b. Cells 
which have coalesced, x 300. (Kindfleisch.) 

the muscular coat being first affected, then the remaining 
structures of the artery. When the vessels have become 
involved the new material appears in the immediately 
surrounding parts, both in the cells and in the inter- 
cellular substance. The change may thus involve the 
whole organ, or it may be limited to certain portions. In 
the spleen, for example, it is frequently limited to the 
Malpighian corpuscles ; and in the liver to the cells in the 
more immediate vicinity of the hepatic artery. 

The alterations produced in the tissues by this degenera- 
tion are very characteristic. The cells gradually increase 
in size, they lose any irregularities in their contour, and 
become rounder and more regular in shape, their nuclei 
disappear, and the whole cell is converted into a structure- 
less homogeneous body which has a peculiar translucent 
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glistening appearance. (Fig. 18, a.) If the cells are in 
close contact many of them may coalesce, and their dis- 
tinctive bonndaries thus become obliterated. (Fig-. 18, b.) 
The intercellular substance in the same way acquires a 
homogeneous glistening appearance. The waUs of the 
small arteries — ^in which, as already stated, the cliange 
usually commences — ^become considerably thickene^L, the 
cells of the muscular coat enlarge and ultimately coalesce, 
the calibre of the vessel becomes diminished, and the cir- 
culation through it is consequently impeded. (See Fig. 20.) 
Organs in which this change is at all advanced, present 
features so characteristic that its nature can be readily 
recognised by the naked eye. They are usually consider- 
ably increased in size ; their absolute weight is increased, 
and also their specific gravity ; their surface is smooth, 
and the capsule tense and stretched ; their consistence is 
firm and somewhat elastic. On section they exhibit a 
peculiar homogeneous, glistening, translucent appearance, 
somewhat resembling wax or glue. Owing to the dimi- 
nished calibre of their blood-vessels and to the pressure 
exercised by the new material, they contain but little 
blood, and hence are always pale in colour. Although the 
above characters are often sufficiently marked, they should 
always be confirmed by the application of iodine or 
methylaniline to the cut surface of the organ. In slighter 
degrees of the affection, when the physical characters are 
but little altered, the application of these reagents may 
become necessary in order to discover the presence of the 
new substance. 

W The effect of lardaceous degeneration is to impair or 
even to completely destroy the nutrition and function 
of those organs which are affected by it. This is 
owing to two causes — the obstruction offered to the cir- 
culation, and the injurious influence of the new material 
upon the vitality of the affected cells. The obstruction to 
the circulation, which results partly from the diminution 
in the calibre of the small arteries, and partly from the 
general pressure exercised by the new substance, causes 
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an insnfficieiicy in the supply of arterial bloocL As a con- 
sequence of tids, the cells tend to nndergo fEitty meta- 
morphosis, which indeed is frequently associated with the 
lardaceons change. As this form of degeneration is 
almost invariably secondary to some grave constitutional 
state, it can rarely be looked upon as in itself a cause of 
death, although it may materially hasten, and even deter- 
mine, the fatal termination. 

Having thus described the nature of the lardaceons sub- 
stance, and the way in which it makes its appearance in 
the several tissues of an organ, it remains to consider the 
source from which it is derived. The disease has usuaQy 
been regarded as an infiltration, as the deposition in the 
tissues of some new material derived from the blood. 
This view is based upon the way in which the several 
tissues of an organ are affected, the change usually com- 
mencing in the small nutrient blood-vessels, and extending 
from them to the surrounding parts ; upon the general 
character of the affection, several organs being simulta- 
neously involved ; and upon the fact that the disease is 
almost invariably secondary to chronic suppuration or 
syphilis. The existence, however, of any albuminoid 
substance in the blood which resembles the lardaceons 
material in its chemical reactions, has never been made 
out even in the most marked cases of the disease. This 
fact must therefore negative the supposition, that it is a 
simple infiltration. If the new material be derived from 
the blood at all, it must undergo some chemical change 
subsequently to its deposition in the tissues. Dr. Dickin- 
son considers that it is dealkalised fibrin, which is depo- 
sited in consequence of the loss of the alkali which it 
normally contains. This loss of alkali he attributes to 
the chronic suppuration which usually precedes the 
disease, pus containing large quantities of potassium and 
sodium salts. He consequently terms the disease ** depu- 
rative infiltration."* Whatever be the exact nature of 
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the cltange, it is probablj dne to some abnormal state of 
the blood ; olthoagh whether the new Hnbatance foiutd 
in the organs is a deposition, or an altered condition of 
the albamen of the tissnes due to the altered blood, must 
for the present remain uncertain. 

L4IU1ACB0US DEGENEBATION OF THB LITEB. 

The liver is one of the moat frequent seats of the 
lardaceons change, and here, as im other parts, it probably 
the small nutrient blood-vessels, althongli 




Lardac'v^iM Litttr. A portion of ono lobnle, shoving the 
enlargcmeDl aod lusion of the hepatic celis, and the greater 
impli ation of the intermediBte zone of the lobule. At the 
more e»t»rnal portion of the lobuie are seen aevsral fat 
cells, t. certalu amount o( fatt; infillntion being asaocLated 
with the lardaceous change, v. Bopatio Teio. x lOu. 

the alterations are mnch the moat marked in the hepatic 
cella. If a liver be examined in the earlier et(^;ee of the 
affection, and the iodine solntion applied to thin washed 
aectiona of the organ, it n'ill be found that the character- 
istic staining is limited to certain portions of the lobnles — 
viz., to those which are eitnated between their external 
and central parts. This intermediate portion oorresponda 
with the distribntion of the hepatic artery, and the rami- 
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fications of this vessel, together with the hepatic cells 
situated in their viciiiity, are the first to become affected. 
(Fig. 19.) As the change adyances the whole lobule may 
ultimately become involved. The alterations in the hepatic 
cells are very characteristic. They are much enlarged, 
irregular in outline, their nuclei are imperceptible, and 
many of them are fused together into irregular-shaped 
masses. (See Fig. 18.) 

The earliest seat of the lardaceous change thus differs 
from that of the fatty. In fatty infiltration it is the most 
external portion of the lobule in which the fat first accu- 
mulates — ^that which corresponds with the distribution of 
the portal vein. (See Fig. 8.) It differs also from that 
pigmentation of the hepatic cells, resulting from me- 
chanical congestion, which takes place in the most central 
portion, around the hepatic vein. (See " Nutmeg Liver.") 
Thus in each hepatic lobule three zones may be distin- 
guisHed: — an external one, which is the chief seat of 
the fatty change ; a central one, which is the chief seat of 
the pigmentary change ; and an intermediate one, which 
is the chief seat of the lardaceous change. These three 
zones, indeed, may frequently be recognised by the naked 
eye, the pale opaque external one contrasting strongly 
with the intermediate one which is translucent, and with 
the darker central one. In the most advanced stages 
of the disease, however, both the external and central 
portions of the lobule may become involved, and the 
cut surface present an almost uniformly homogeneous 
appearance. 

The lardaceous liver is increased in size, often very con- 
siderably so ; it may be so large as almost completely to 
fill the abdominal cavity. The enlargement is uniform, 
and hence the natural configuration of the organ is but 
little altered. Its weight is increased, and also its specific 
gravity. Its edge is rounded, the surface is smooth, and 
the capsule appears tense and stretched. The consistence 
is firm and elastic. The cut surface is dry, bloodless, 
smooth, translucent, and waxy-looking, and of a pale 
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reddish-grej or dirty yellow colour. If the change is very 
far advanced, the tissue may be perfectly homogeneous, 
all distinction between the individual lobules being lost 
In other cases the lobules are distinctly mapped out; 
they are enlarged, and the external zone may be of an 
opaque yellowish-white colour owing to the presence of 
fat. This association of the fatty and lardaceous changes 
is exceedingly common. Lardaceous degeneration does 
not obstruct the portal circulation, and hence does not 
cause ascites. It impairs the vitality of the hepatic cells, 
and thus interferes with the functions of the organ. 



LAKDACEOUS DEGElTERiLTIGK 07 THE KIDNETS. 

The kidneys are very liable to be involved in the lar- 
daceous change, and here it is the smaller blood-vessels 
which are more especially affected. It may constitute in 
them the primary lesion, or it may occur subsequently to 
inflammatory conditions implicating the secreting and in- 
terstitial structures. As a primary change it is an impor- 
tant variety of Bright's disease. 

The process usually commences in the tufbs of vessels 
which form the Malpighian bodies, the walls of which 
become thicl^ened by the new material, so that the tufts 
are increased in size. It then involves the small afferent 
arteries, and ultimately the vasa efferentia and the 
arteriolsB rectsB which run through the medullary portion 
of the organ. The changes produced in the vessels are 
very characteristic. Their walls are considerably thickened, 
and their calibre is so much diminished that tiie smallest 
ones cannot be artificially injected. This thickening of 
the walls of the vessels is mainly owing to alterations in 
their muscular coat, and especially to the cells of the 
circular muscular layer. These cells are much increased 
in size, they are more or less globular in shape, and many 
of them have lost their distinctive outlines. The longi- 
tudinal muscular fibres and the most internal coat of the 
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vesBel are often seen aa one homogeneoaB, gliBtening, 
BtroctnrelesB lajer, (Fig, 20.) After the vessels hare 
become affected, the intertubnlar tissues ot the cortex a re 
inTolred, and in some cases the epithelinnt of the tubea 
also undergoes the lardaceons change. In the earlier 
stages of the process, howevei^— if the organ is not the 
seat of any other morbid change — the tnbes and their 
lining epithelium present a perfectly natural appearance. 

Fia. 20. 




[> Dfgeaeratkm qf a JKa^fn^ftton Tu/l and tmall 
briery qftlu Kidney. Showing the thickening of the walla 
of the vesael, the enlarKemeat of the cells □( the circular 
muscular coat, and the bomogeuaous layer formed by the 
intima and loagitudinal muscular fibres, x 200, reduced ^, 

Uanyofthem contain pale hjalinecastsjwhichalso appear 
in the urine. These, however, are probably simply exuda- 
tion prodncts ; although, from the reaction they occasion- 
ally exhibit, it appears that they sometimes consist of the 
same material as that which permeates the vessels and 
intertabnlar stmctnres. As the change proceeds, and the 
new material increases in amount, the tubes become com- 
pressed, and in many places completely obstructed. If 
the compression is not uniform, they may dilate and 
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form small cysts. The epitheliam, which was at first 
normal, owing to the interference with its nutrition, 
nltimately atrophies and undergoes fatty changes. In 
some cases it appears to be the seat of a catarrhal 
process, and the tnbes are found blocked with the epi* 
thelial products. In the later stages of the process there 
is almost invariably an increase in the intertubular con- 
nective tissue. 

The first effect of this change is to obstruct the circu- 
lation in the cortex. The blood-vessels, diminished in 
calibre, allow little but the liquor sanguinis to pass 
through them, the passage of the blood-corpuscles bein^ 
to a great extent prevented: hence the pallor of this 
portion of the organ. The arterial walls are so altered 
that fluids and albumen readily permeate them ; and 
thus is produced the large quantity of urine, loaded with 
albumen, which characterises the earlier stages of this 
affectioD. As the change proceeds, and the tubes 
become obstructed, the urine diminishes in quantity. The 
excretion of urea is less interfered with than in other 
forms of Bright's disease, and hence symptoms due to its 
retention seldom occur. Tube casts are rarely nnmerous ; 
they are for the most part hyaline or finely granular, 
though sometimes they are covered with fatty epithelium. 

In the earlier stages of the affection, the cortex of the 
kidney is merely rather paler than natural, and perhaps 
somewhat firmer in consistence; but otherwise it pre- 
sents no abnormal appearance. It is only upon the appli- 
cation of iodine to the cut surface, or to thin washed 
sections of the organ, that its diseased condition becomes 
evident. When this test is employed, the Malpighian 
bodies at once become apparent as minute red points 
scattered through the cortex. As the disease advances, 
the size of the organ increases ; the enlargement, how- 
ever, is principally confined to the cortex. The surface is 
smooth, and the capsule separates readily. The enlarged 
cortex is remarkably pale and ajisBmic, and has a peculiar 
translucent, homogeneous, wax-like appearance. Its con- 
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sistence is hard and firm, A few scattered yessels may 
be seen on the surface, and the bases of the pyramids 
sometimes exhibit an increased amount of vascularity. 
If iodine be poured over the cut surface, the Malpighian 
bodies and the arteries of the cortex become mapped out 
abnost as clearly as in an artificial injection. The enlarged 
Malpighian bodies may indeed usually be seen as glisten- 
ing points before the iodine is applied. Frequently, the 
homogeneous appearance of the cortex is interrupted by 
minute, opaque, yellowish-white lines and markings; 
these are produced by the fatty changes in the epithelium 
of the tnbes, which so cpmmonly occur in the later stages 
of the affection. Ultimately the capsule becomes more 
or less adherent, and slight irregular depressions make 
their appearance upon the surface of the organ : the 
latter are due to atrophic changes in some of the tubes. 
If, as is usually the case, the process is associated 
with an increase in the intertubular connective tissue, the 
atrophy of the organ will be more marked. (See " Inter- 
stitial Nephritis.") 

LABDACEOUS DEGENERATION OF THE SPLEEN. 

Lardaceous degeneration of the spleen is met with in 
two forms — one in which the disease is limited to the 
Malpighian corpuscles — ^the ** Sago Spleen,'* and the 
other in which the pulp appears to be chiefly implicated. 
The former is much the more common condition. In 
it the Malpighian corpuscles imdergo the lardaceous 
change, and become converted into translucent wax-like 
bodies, much like boiled sago; hence the name. The 
process commences in the small arteries of the corpuscle, 
and then the lymphatic cells of which the corpuscle is 
made up are involved ; they increase in size, become more 
irreg^ular in outhne, many of them coalesce, and ulti- 
mately the whole is converted into a pale, firm, translu- 
cent, glistening mass. (Fig. 21.) 

The sago spleen is more or less enlarged ; its weight 
and density are also increased. The cut surface is smooth. 
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drj, and studded all over with small gliBtening sago-like 
bodisB, rarTiiig in size from a millet to a hemp-seed, 
which are atained a reddish-brown colour bj the iodine 
Bolntiou. These may become so large as to occapy a 
large portion of the organ, although in earlier atages of 
the aSectioD they.are so minnte that they can only be 
seen in thin sections of the tissne. 

FiQ. 21. 




Lardaceoua Degentration of the •spleen — Sago SpUen." A 
porUoa of one of the altered Malpigliian corpnacleB, a. with 
the adjacent Dormal splenic tissue, b. Sbowing the increase 
in size, ind in many parte, the coalescencs of the celle, of 
which the corpuscls ib composed, x SOO. 

In the other variety of lardaceons spleen, the pulpy 
parenchyma between the corpuscles is principally affected. 
Thia is probably merely an advanced stage of tiie former 
condition, in which Vke disease extends from the cor- 
puscles to the Burronnding palp; the whole organ being 
ultimately involved. Under these drcnmstances the 
organ often attains a considerable size, mnch larger than 
is met with in the sago spleen. It is remarkably hard 
and firm, and the capsnle ia tenso and tmnuparent. On 
section it presents a dry, homogeneona, tranalucent 
bloodlesB aurface, of a nniform dark reddish-brown colonr. 
Thin sections can be readily made with a knife, the organ, 
cutting like soft wan. The corpuscles are not visible as 
in the former variety, being probably obscured by the 
surrounding pulp. 
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LABDACEOUS DEGENERATION OF LTMFHATIC GLANDS. 

In the Ijmpliatic glands the process mnch resembles 
that in the spleen. The small arteries in connection with 
the follicles of the gland are the earliest seats of the 
change ; and from these it extends to the lymphoid cells. 
The follicle thus becomes ultimately converted into a 
small homogeoeoas mass. 

The glands are enlarged, and on section the minnte 
wax-like bodies can often be seen scattered through 
the cortex. The cut surface is smooth, pale, and trans- 
lucent. 

As these glands are largely concerned in the formation 
of the blood-corpuscles, their implication in the lardaceous 
change must to a large extent aidin produci ng the ema- 
ciation and anasmia which characterise this affection. 
The same is true of the spleen, which is usually simul- 
taneously involved. 

LARDACEOUS DEGENERATION OF THE ALIMENTART CANAL. 

The whole of the alimentary tract may be the seat of 
the lardaceous change, and here it assumes an important 
aspect from the deleterious influence which it exercises 
upon the absorbent and secreting processes, and from the 
consequent impairment of the general nutrition which 
results. The disease, however, in this situation is very apt 
to escape observation, as it produces but little alteration 
in the appearance of the parts. The mucous membrane 
may look somewhat pale, translucent, and oedematous, 
but otherwise to the naked eye nothing is discoverable. 
It is only upon the application of iodine to the washed 
mucous surfaces that the nature of the change becomes 
apparent. In the small intestine — which is perhaps the 
part most commonly affected — the effect of the applica- 
tion of iodine is very characteristic. A number of small 
reddish-brown points appear over the whole surface of 
the membrane ; these correspond to the intestinal villi, 
the arteries and capillaries of which have undergone 
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the lardaceons cliange. In the stomach and oBsopliagas 
the yessels are mapped bat in a similar manner by the 
iodine solution. The change in the intestine gives rise 
to serous diarrhoea, this being probably due to nn in- 
creased permeability of the degenerated walls of the 
vessels. 

THE COBFORA AMTLACEA. 

The corpora amylacea or "amyloid bodies," so fre- 
quently met with in the nervous system, in the prostate, 
and in other parts, have usually been looked upon as more 
or less allied to the lardaceous substance ; there appeals, 
however, with the exception of a cnrtain similarity in their 
behaviour with iodine and sulphuric acid, to be no con- 
nection between them. 

They are round or oval bodies, formed of a succession 
of concentric layers, and are often changed to a deep blue 
colour by iodine, thus bearing, both in their structure and 
chemical properties, the strongest resemblance to granules 
of vegetable starch. (Fig. 22.) Sometimes, however, 

the blue is only exhibited 
after the subsequent addition 
of sulphuric acid, and thus a 
resemblance is shown to the 
lardaceous substance. They 
vary in size from micro- 
scopic granules to bodies 
which are distinctly visible 

Corpora Amylacece from the to the naked eye ; Sometimes 
Prostate. (Yirchow.) y^^^^ ^^ ^^^^ ^^ ^^^ ^^ ^^^ 

lines in diameter. The larger ones are usually formed 
by the conglomeration of the smaller granules, which are 
often enclosed by a common envelope. 

They occur especially in conditions of atrophy or 
softening of the nervous system ; the ependyma of the 
ventricles, the white substance of the brain, the choroid 
plexus, the optic nerve and retina, and the spinal cord 
being their favourite seats. The larger forms are met 
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'^ith most frequently in the prostate. The prostate of 
XLearly every adult contains some of these bodies ; and 
'tihey may accumulate here to such an extent as to form 
large concretions. They are occasionally met with in the 
langs, and in mucous and serous membranes. 

As has been said they usually exhibit a bright blue 
colour upon the application of iodine alone, although in 
some cases not until the subsequent addition of sulphuric 
acid. Many of them, however, are coloured green, or 
even brown by these reagents. The green is due to their 
admixture with nitrogenous matters, which give a yellow 
colour with iodine, and hence the combination yields a 
green. The greater the amount of nitrogenous matter the 
more brown does the colour become. 

From the laminated structure of these bodies they 
would appear to be formed by the gradual precipitation 
of some material, layer by layer, upon the surface of pre- * 
existing particles. The nature of the material, however, 
does not appear to resemble that of the substance met 
with in lardaceous degeneration. The two processes are 
BO essentially different, both in the circumstances under 
which they occur and in the characters and seat of the 
morbid products, that they cannot be looked upon as in 
any way analogous. Lardaceous degeneration is a general 
change, whereas the formation of the corpora amylacea is 
evidently of a local nature. The latter is often preceded 
by those local atrophic changes associated with advanced 
life, and appears to consist in the deposition of some 
starch-like material, probably liberated in the tissues 
themselves, upon any free body which may exist in its 
vicinity. 

The corpora amylacea, especially those occurring in 
the choroid plexus and in the lateral ventricles, are very 
liable to become calcified, and they then constitute one 
form of ** brain sand/' which is so often met with in these 
situations. 
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CHAPTER VIII. 

CALCAREOUS DEGENERATION. 

Calcareous Degeneration— or, as it is more commoxily 
called, Calcification — consists in the infiltration of tlie 
tissues with calcareoas particles. Physiologically, an in- 
filtration of calcareoas particles takes place in the forma,> 
tion of bone, in which lime and magnesian salts are dej>o~ 
sited in the fibrous or cartilaginous matrix. This physio- 
logical is precisely similar to the pathological process. Xt 
is important, however, to distinguish simple calcification 
from ossification. In the latter there is not only a depo- 
sition of lime salts, but an a^ctive change in the tissue 
itself — a proliferation of the cellular elements, an intimate 
union of the calcareous matters with the tissue, and the 
formation of a true osseous structure in which the cal- 
careous particles are not visible. Calcification, on the 
other hand, is a purely passive process : there is no in- 
creased nutritive activity of the part, no multiplication of 
elements, no alteration of the structure, but merely an 
infiltration with calcareous particles. 

An infiltration and deposition of calcareous substances 
occurs under two opposite conditions : one — in which 
there is an absolute increase in the amount of these con- 
stituents in the blood, and a portion of the excess becomes 
deposited in the tissues ; the other — in which there is no 
such increase, but the deposition takes place owing to 
some alteration in the tissue itself. That the calcareous 
particles are in all cases brought to the part, and are not 
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simply those normallj contained in it which have become 
precipitated, is shown by the fact that their quantity 
greatly exceeds that of healthy tissne. 

An absolute increase of the saline constituents in the 

blood, and the deposition of the excess in the tissues, is 

much the less frequent form of calcification. It occurs in 

some forms of softening of bone, especially in extensive 

caries and osteomalacia. In these diseases the lime salts 

are removed from the bone, returned into the blood, and 

some of them deposited in other tissues. In such cases 

the calcification is usually more or less general — many 

urgSLus being simultaneously involved. In osteomalacia 

it is not uncommon to find the kidneys, the lungs, the 

stomach, the intestines, and even the dura mater and 

liver, infiltrated to a greater or less extent with lime salts. 

The deposition takes place in the tissue immediately 

surrounding the blood-vessels, through the walls of which 

the calcareous matters transude ; — thus, in the lungs the 

seat of the change is the interlobular tissue; in the 

stomach, the stroma between the glands; and in the 

kidney, the tubuli uriniferi and the intertubular tissue. 

Analogous to this form of calcification is the deposition 

of the excess of urate of soda which takes place in gout. 

In the g^eat majority of cases, however, calcification is 
a local change, depending not upon any alteration in the 
composition of the blood, but upon changes in the tissues 
themselves, owing to which some of the saline matters 
which are normally held in solution in the blood are de- 
posited in them. The alteration in the tissues consists in 
some enfeeblement of the nutritive processes, associated 
with a diminution in the amount of blood, and a retarda- 
tion of its circulation. Calcification is therefore very fre- 
quent as a senile change, and is especially common in the 
arteries of old people. (See " Calcification of Arteries.") It 
also occurs under other circumstances where tissue changes 
are very feeble, as in thrombi, in the caseous masses so 
common in the lungs and lymphatic glands, in atheroma- 
tous arteries, and in non-vascular tumours. Eespecting 
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the cause of the deposition of the calcareous enbatances^ 

it is probablj partlj due, oa stated bj Bindfleiscb, to tlie 
etagnation of the nntritive fluids in the part, owing to 
which the free carbonic acid, which appears to hold the 
Baits in Bolation, escapes, and they are conseqneiitlj pre- 
cipitated ; and partly to the non-assimilatioa of these 
fluids bj the enfeebled elemeats of the tissne. 

The calcareons particles make their appearance both. 
within the cells and in the intercellnlar substance; thej 
are mnch more frequent, however, ia the latter eitnation. 
Thej are seen at first aa fine molecules scattered irre- 
galarlj through the intercellnlar substance. (Fig. 23.) 
Fig. S3. 
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Thej are characterised, when viewed bj transmitted 
light, by their opacity, dark black colour, and irregular 
outline, and also by their solubilitj in dilute mineral 
acids. They gradually increase in number until ulti- 
mately large tracts of tissue may be converted into an 
opaque calcareous mass, in which the cells are enclosed 
and can no longer bo recognised. These larger masses 
have a sharp black irregular outline, and as the calcifica- 
tion becomes complete, acquire a homogeneous, glistening, 
semi-transparent appearance. The cells themselves are 
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much less frequently infiltrated, being usually merely 
enclosed and obscured by the calcified intercellular sub- 
stance. Calcareous particles may, however, make their 
appearance in the protoplasm, and, gradually increasing, 
convert the cell into a homogeneous calcareous body. 

The calcareous matters consist, for the most part, of 
lime and magnesian salts, especially the phosphates and 
carbonates. If the latter are present, the addition of a 
little dilute hydrochloric acid is followed by the appear- 
ance of numerous minute air bubbles in the tissue, owing 
to the liberation of carbonic acid. In those cases in which 
calcification is associated with retained gland secretions, the 
calcareous matters will consist of the specific gland salts. 

A part which has become calcified undergoes no 
further change ; its vitality is completely destroyed, and 
it remains as an inert mass. In this respect calcareous 
differs from fatty degeneration. In the latter, subsequent 
changes inv^ariably take place ; the part either softening, 
caseating, or becoming the seat of calcification itself. It 
differs also in its effect upon the tissue. The structure 
of the affected part is not destroyed, and there is no 
annihilation of histological elements, such as occurs in 
fatty degeneration. The tissue is simply impregnated 
with calcareous matters, which have no other effect upon 
it than to render it inert ; its vitality is destroyed, but its 
structure — in so far as the calcification is concerned — 
remains unaltered. If the saline matters are dissolved 
out with a little dilute mineral acid, the structure of the 
part may be again recognised, unless, indeed — as is so often 
the case — it has been destroyed by any antecedent change. 
Calcification must thus be looked upon in many cases 
as a salutary lesion, the impregnation with calcareous 
matters preventing subsequent changes in the part. This 
is especially the case when it is secondary to other forms 
of degeneration. It is often the most favourable termi- 
nation of the large class of fatty changes, as is exempli- 
fied by the calcification of caseous products in the lungs, 
and of many new formations. It may, on the other handi 
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under certain circumstaxices. be attended with most dele- 
terious consequences, as is the case when it affects the 
arterial system. 

CALCIPICATION OF AETBKIB8. 

Calcification of arteries, like fatty degeneration, may 
be a primary or secondary affection. As a secondary 
change it constitutes one of the terminations of the athe- 
romatous process, and as such is constantly met with n 
the aorta and its branches, and in many other situations- 

(See "Atheroma.") 

Primary calcification is essentially a senile change, and 
is the result of that impairment of the nutrition of the 
arteries which exists in advanced life. It is associated 
with atrophy of the arterial tissues, and in some cases 
with fatty degeneration. The change is a more or less 
general one, and when occurring in one part is met with 
in others. It usually occurs in vessels of medium size, 
the arteries of the upper and lower extremities and of the 
brain being those most commonly affected. Its most 
common seat is the middle coat, where it commences in 
the muscular-fibre cells. The calcareous particles, which 
are deposited from the vasa vasorum, make their appear- 
ance at first around and within the nucleus, and gradually 
increase until they fill the cell, which becomes converted 
into a small calcareous flake. The process may go on 
until the muscular coat is completely calcified, or it may 
be limited to isolated portions of the coat, giving rise to 
numerous calcareous rings and plates which are irregu- 
larly distributed throughout it. From the muscular it 
may extend to the external and internal coats, nntil 
ultimately the vessel becomes calcified throughout. 

The vessel thus calcified loses its elasticity and con- 
tractility ; its lumen is diminished, and it is transformed 
into a hard, rigid, brittle tube. This condition is common 
in the external iliac and in the vessels of the lower ex- 
tremity, where it is a frequent cause of senile gangrene. 
(See "Senile Gangrene.") 
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CHAPTER TX. 

PIGMENTAEY DEGENERATION. 

PiGMENTA&Y Degeneration, or Pigmentation, consistfi in 
an abnormal formation of pigment in the tissues. All 
true pigments are derived from the colouring matter of 
the blood. PhjsiologicaUj, many of them are eliminated 
bj the kidneys and liver; others are deposited in the 
tissues and there remain permanent. The choroid coat 
of the eye and the skin of the negro are well known 
examples of tissues in which there is this permanent 
accumulation of pigment. The cells in these situations 
appear to be endued with a special power to abstract the 
colouring matters from the blood, and to store them up 
in their interior, where they undergo certain chemical, 
changes and become converted into pigment. 

In the p>athological process, also, the pigment is derived 
from the same source, altiiough its presence in the tissues 
is rarely dependent upon any abnormal secreting powers 
in their cellular elements, but is usually the result of 
certain changes in the circulation or in the blood-vessels, 
owing to which the colouring matter of the blood escapes 
and infiltrates the surrounding parts. This escape of 
haemoglobin may be owing to rupture of the vessels 
themselves, or to conditions of congestion or stasis in 
which the blood-corpuscles and liquor sanguinis pass 
through their walls. In either case the haemoglobin will 
permeate the tissues and ultimately be converted into 
pigment. Bupture of the vessels and the direct extrava- 
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sation of blood, is, however, tlie most common antecedent 
of the pigmentary change. . Soon after the extravasation 
has taken place, the haemoglobin escapes from the red 
blood-corpascles, either by exudation or by destmction 
of the corpasde, and, mixed with the liqnor sanguinis, 
infiltrates the snrronnding tissues. In other cases the 
process takes place without any solution of continuity in 
the walls of the vessel. This frequently occurs in con- 
ditions of inflammatory stasis and mechanical congestion, 
in which the red corpnscles pass through the walls of the 
capillaries, and some of the hssmoglobin is also liberated 
from the corpuscles within the vessels, from which it 
transudes, dissolved in the liquor sanguinis, without 
rupture having taken place. In whichever of these ways 
the haemoglobin is derived, it infiltrates the tissnes, 
staining both the cells and the intercellular substance a 
yellowish or brownish-red colour. It is taken up, however, 
more readily by the cells than by the intercellular sub- 
stance or by membranous or fibrous structures. In 
addition to this formation of pigment from dissolved 
haemoglobin, the red corpuscles themselves may penetrate 
the adjacent cells and there become converted into pigment. 
Some of the cori>uscles also, after their escape from the 
vessels, may shrivel np and become pigment granules. It 
18 probable that in some cases these changes and the 

subsequent formation of pigment may take place within 
the vessels. 

After the haemoglobin has remained in the tissue for 
some length of time, it undergoes certain changes :— It 
becomes darker and more or less granular, minute ^ed- 
ant™! Z^^^ ^^^^^«« and crystals make their 
B We^nd ttt " '''" ''''' ""^ '^ *^^ intex^ellular sub- 
Classes. This o^nLf^^^^^l increase and form larger 
one. and the su w!, • ! ^«^°^oglobin is a chemical 
^cBmaioidm, H^m^^^^- ""^ ^^^^^ ^^ is converted is 
to the colouring matt^ 'i- appears to be closely allied 
^8 also a derivative ^p ^ ^^^ ^^®» cholepyrrhin, which 

^^ l^^moglobin. It exhibits similar 



PIGMENTARY DEGENERATION. 91 

reactions when treated with concentrated mineral acids, 
displaying the same variations of green, bine, rose, and 
yellow colours. It is insoluble in water, alcohol, ether, 
and in dilute mineral acids and alkalies ; it is soluble in 
the caustic alkalies, giving a red colour. It contains more 
carbon than hsBmoglobin ; and it also contains iron. 

The granules of heematoidin vary in size from the 
smallest particles to masses as large as a red blood-cor- 
puscle. (Fig. 24.) The larger ones are round, or more 
commonly irreg^ar in shape, and have a sharp defined 
border. Their colour varies from yellow, red, and brown, 
to black. These variations appear to depend upon the 
age of the granules and the tissue in which they are 
formed; the older they are the blacker they become. 

Fig. 24. Fio. 25. 





CelU containing pigment, Haenwttndln crystals. 

From a melaDotic sarcoma (Yirchow.) 

of the liver, x 350 

^rhe smaller granules are usually dull and opaque; the 
larger ones, however, often present a more or less glisten- 
ing appearance. The crystals of hasmatoidin are opaque 
rhombic prisms, usually of a beautiful yellowish-red or 
ruby-red colour, sometimes approaching to brown or 
black. They may also occur as little plates and fine 
needles, but these are less common forms. (JFig. 26.) They 
are in most cases so small that considerable care is re- 
quired to recognise their crystalline nature under the 
microscope, and they may easily be overlooked as merely 
irregular granular masses. In some cases, however, they 



92 NUTRITION IMPAIRED. 

attain a larger size. Thej are more or less trausparent, 
and present a shiniug, strongly refracting surface. 

Whetlier the haBinoglobin is converted into granular or 
crystalline hsBmatoidin appears partly to depend upon 
the tisane in which it is situated, the crystals being ex- 
ceedingly common in some situations, as in the brain and 
ovaries, whereas in others, as mncons membranes, only 
the grannies are met with. Both the grannies and 
crystals are characterised by their durability and by their 
great powers of resistance; when once formed they 
undergo no further change. 

Those forms of pigment — both granular and crystal- 
line — which are of an intensely black colour, have been 
supposed to consist of a substance which differs in che- 
mical composition from hasmatoidin, and which has been 
called melanin. There appears, however, to be no foun- 
dation for such a distinction. Melanin is probably merely 
hasmatoidin which has become more or less altered by 
age. It is endued with greater powers of resistance, 
being less readily soluble in reagents than the more 
recently formed haematoidin, and it contains more 
carbon. 

Pigmentation, although one of the most common forms 
of degeneration, is of comparatively little importance as a 
morbid process. The mere existence of pigment within 
and between the histological elements of the tissues, has 
in itself but little influence upon their vitality and func- 
tions. ITie atrophy and impairment of function which so 
frequently accompany it, must rather be looked upon as 
the result of those conditions upon which the formation of 
the pigment depends, than as in any way owing to the 
presence of the pigment itself. 

As evidence of other antecedent conditions, pigmenta- 
tion assnmes a more important aspect. The pigment being 
derived from extravasated hasmoglobin, in whatever situa- 
tions it occurs, it is usually to be looked upon as the result 
of some alteration in the circulation or in the blood-vessels, 
owing to which the escape of the colouring matter is per- 
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mitted. Exceptions to this exist, however, in the case of 
certain pigmented new formations, in which the presence 
of the pigment appears to be mainly owing to the selective 
power of the cells ; these, like those of the choroid, sepa- 
rating the colouring matter from the blood. It is those 
growths which originate in tissues normally containing 
pigment, as the choroid and rete mncosnm, which are 
most frequently melanotic. (See "Melanotic Sarcoma.") 
In Melanaemia, again, the large quantities of pigment 
which exist in the blood, are probably the result of a local 
formation — ^for the most part by the spleen. Lastly, in 
Addison's disease, the pathology of the pigmentation of 
the skin is at present involved in obscurity. 

Pigment is often the only evidence of a former ex- 
travasation. This is frequently the case in cerebral 
haemorrhage, where the crystals of hasmatoidin may be 
all that remains to indicate that rupture of the capillaries 
has taken place. In the ovaries, also, the slight haemor- 
rhage which follows the escape of the ovum at each men- 
strual period, is marked by the formation of pigment 
which constitutes the " corpus luteum." In mechanical 
congestion and inflammation, again, the consequent pig- 
mentation may be the principal evidence of the former 
existence of these conditions : this is especially seen in 
pigmentation of the mucous membrane of the stomach 
and intestines. The formation of pigment is thus, with 
the few exceptions above named, the result of some ante- 
cedent change in the blood-vessels or circulation ; and its 
presence in the tissues appears to be little more than a 
testimony to the existence of those processes upon which 
its formation depends. 

False Pigmentation. — ^There are certain forms of dis- 
coloration of the tissues which are not due to the presence 
of haematoidin : these must be distinguished from true 
pigmentation. The most important of them, and that 
which is most closely allied to the process already de- 
scribed, is the staining of the tissues with the colouring 
matter of the bile, which is itself a derivative of haemo- 
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globin, and is, as before stated, very analogous to haema- 
toidin. This yellow staining may affect nearly all tbe 
tissues, constituting "jaundice;" or it may occur in the 
liver alone, from local obstructions to the small bile-ducts, 
as is often seen in cirrhosis of that organ. In these cases, 
however, there is merely the staining of the tissues with 
the colouring matter of the bile and no subsequent con- 
version of this pigment. 

The discoloration caused by the long-continued use 
of the salts of silver must also be distinguished from 
pigmentation : the colour here is due to the deposition of 
the silver in the tissues. The black colour of gangrenous 
parts, and that sometimes produced by the effusion of 
large quantities of blood into the tissues, must again not 
be confounded with pigmentation. The discoloration in 
these cases is the result of the action of the sulphuretted 
hydrogen upon the colouring matter of the blood. The 
greenish-black discoloration so often seen on the surface 
of the liver, kidneys, and other abdominal organs after 
death, is in the same manner due to the intestinal gases. 
Lastly, the minute particles of inhaled carbon which are 
always met with in the lungs, must be distinguished from 
true pigment. 

PIGMENTATION OP THE LUNGS. 

In no organs is pigment met with so frequently and in 
such large quantities as in the lungs, and here much dis- 
cussion has arisen as to its nature and origin. The lungs 
normally contain more or less black pigment, the amount 
of which gradually increases with advancing age — ^the 
lungs of infants and young children being almost free 
from it, whereas those of adults invariably contain it in 
considerable quantities. 

This normal pigmentation of the lungs is principally 
due to the presence of carbon, and not to that of true 
hesmatoidin-pigment. The carbon — ^which is derived from 
the incomplete combustion of wood, coal, and other sub- 
stances, and is always present in varying quantities in 
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the atmOHpliere^is inhaled, and the minute particlea pass 
into the finest bronchial tnbea. Having entered the 
bronchi, manj of them are taken up bj the mncns- 
cOTpnscleii, where they may be seen as small black gra- 
nules within the cells. These may readily be observed 
in the cells of the greyish-black sputmn which is so fre- 
qnently expectorated in the early morning. Much of 
the carbon thns inhaled is eliminated by eipecteration ; 
many of the particles, however, pass into the air- vesicles, 
and here their removal by this means being less readily 




pigmentation qf the Lung. From a ■womftn, aat siitj-five, with 
slight emphyBemii. Showing the silnation of the pigment in the 
■Iveolsr walls, sad arODnd ths biood-resael v. x 75. 

effected, they gradually penetrate the pnlmonary sab- 
stance, and make their way into the alveolar walls and 
interlobnlar tissne. It is in these situations that most of 
the polmouary pigment ia found, and there it may be 
seen either within the connective tissue-cells, or lying free 
amongst the fibres. (Fig. 26.) 

The means by which the particles of carbon penetrate 
the walls of the air-vesicles, and make their way inte the 



96 NUTRITION IMPAIRED. 

inter-alveolar tissue, has recently been explained by tbe 
researches of Dr. Klein on the histology of the lungs.* 
Dr. Klein finds that the branched connective-tissue cells 
of the alveolar walls send a process, or a greater or less 
portion of their body, between the epithelial cells of the 
alveolus into the alveolar cavity. As thefie connective- 
tissue cells lie in the serous canals, which constitute the 
commencement of the perivascular lymphatics, it is easy 
to understand how these openings in the alveolar waUs 
(pseudostomata) may become sufficiently distended to 
allow cells and other substances to pass through them 
from the alveolar cavity into the inter-alveolar tissue. 
When ouce the carbon has made its way into the inter- 
lobular tissue, some of it is taken up by the fixed cells in 
this situation, whilst that which is not thus detained 
passes on to the lymphatics, and is deposited in the 
bronchial lymphatic glands, where the black particles are 
also visible. 

Closely allied to this physiological pigmentation of the 
lung from the inhalation of carbon, are those morbid con- 
ditions which result from the inhalation of particles of 
coal, stone, iron, and other substances, — of which the 
lungs of miners, stonemasons, and grinders afford fre- 
quent examples. Here also minute particles enter the 
bronchi, penetrate the walls of the alveoli, and are de- 
posited principally in the interstitial tissue. In the 
case of miners — in which this is most common — the par- 
ticles of coal enter the lungs in such large quantities as 
to give to them a uniform dark black colour. In stone- 
masons, grinders, &c., the lungs also become deeply 
pigmented, although to a less extent than those of 
miners. 

The black colour of the lungs in these cases, however, is 
not entirely due to the presence of the inhaled substances, 
but partly to that of true haamatoidin-pigment. The 



* " On the Anatomy of the Lymphatic System of the Lungs," by 
Dr. E Klein. Proceedings Royal Society, No. 149. 1874. 
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inhalation of the irritating particles sets up inflammatory 
changes in the bronchi and pulmonary tissue, causing 
chronic bronchitis, chronic catarrhal pneumonia, and a 
large increase in the fibrous tissue of the lungs, which 
thus ultimately become consolidated, excavated, tough, and 
fibrous (" Colliers " and " Knife-grinders' Phthisis," Ac.) 
Owing to these structural changes there is a considerable 
escape of colouring matter, either from rupture of the 
capillaries or transudation of serum, and hence a large 
formation of true pigment; and to this true pigment 
much of the dark colour of these lungs must undoubtedly 
be ascribed. The lungs of stonemasons and grinders are, 
like those of miners, deeply pigmented, although to a less 
degree ; but the black colour in the former cases cannot 
be entirely accounted for on the supposition that it is due 
to the presence of inhaled particles. 

Fig. 27. 




CeUs from the sputum of acute Bronchitis. Showing 
the minute granules of pigment within the cells. 
Some of the cells also contain a few fatty mole- 
cules. X 400. 

Pigmentation of the lungs from the presence of hsBma- 
toidin occurs as the result of many other morbid condi- 
tions, many diseases of these organs being attended by 
the formation of pigment. In chronic phthisis, pigmen- 
tation occurs, partly as the result of the inflammatory 
process, and partly from the obstruction of the vessels 
caused by the new growth: — lines of pigment are con- 
stantly seen surrounding the nodules of consolidation. 
In acute croupous pneumonia, the blood which is extra- 

H 
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yasated into the air-vesicles, and whicli in tHe early stages 
gives to the expectoration a rusty or prune-juice coloor, 
subsequently becomes converted into pigment, and the 
sputum becomes of a greyish-black ; the pigment granules 
being visible in the newly-formed cells. The cells met 
with in the sputum of bronchitis also contain granules of 
pigment (Fig. 27) ; and pigmentation plays an important 
part in the condition of the lungs known as brown indu- 
ration. (See " Brown Induration of the Lunges.") 

Pigment in the lung usually occurs as black irregular 
granules ; it is rarely met with in a crystalline form. In 
all cases in which it is found in any quantity in the lung 
it is also found in the bronchial glands. It is taken np 
by the lymphatics and, like the inhaled carbou, it becomes 
arrested in its passage through these glands, where it 
remains permanently. 



CHAPTER X. 

TISSUE-CHANGES IN PYEEXIA. 

It is proposed in the present chapter to allude very 
briefly to those alterations in the tissues which are met 
with in certain pyrexial diseases, to which have been 
applied the term " parenchymatous " or " granular dege- 
neration," " albuminous infiltration," " acute," or " cloudy 
swelling." 

It is well known that in most diseases which are accom- 
panied by a considerable elevation of the bodily tempe- 
rature, and especially in those in which the blood has 
undergone marked changes, the organs and tissues are 
found much altered after death. The diseases in which 
such alterations are most frequently met with are pyaemia, 
erysipelas, typhus, typhoid, and other acute specific 
fevers, and acute rheumatism. They also occur in other 
diseases which are attended by considerable pyrexia, but 
they are most marked in the specific fevers, and appear 
to depend more upon the alteration of the blood in these 
fevers than upon the amount of elevation of the bodily 
temperature. The organs in which the alterations 
principally occur are the liver, the kidneys, the heart and 
muscles, and the lungs. Sometimes the changes are 
much more advanced in some organs than others, owing 
probably to differences in the local circulation. 

The physical characters of the altered organs vary. It 
may, however, be stated geiierally that the organs are 
more or less swollen and opaque, somewhat diminished in 

H 2 
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ConsiBtence, and abDormatlj friable. Their vascularity is 
in some cases dimiuialied, in others sUglttl; increased. 
When examined microscopically, tie cellular elements 
are found to be increased in mze, and their protoplasm 
is markedly granular, so that, in some caeefi, the nncleus 
is BO mnch obscnred as to be indiatingoisbable. (Fig. 28.) 
The granular condition of the protoplasm appears in most 




Liver from a am of Aeate Sheumalttm with 
hrgh Temperaturt Shomog the gwallen and 
granular coDdition ol ttia Uver-cella In many 
of th" cells tlie nucleus la bo much obscured 
aa to be almost indiBtinguiBhabls. x 2UU 

cases to be due to albaminons pajticles, inasmuch as it dis- 
appears upon theaddition of dilate aceticacid. In other 
cases, however, in which the change is apparently more 
advanced, many of the granules are larger, inedliible 
in acetic acid, but soluble in ether, and obviously fatty. 

The Liver. — Here the change is uanallj met wiUi in its 
most marked degree. The organ is slightly enlarged, 
abnormally soft and friable, and the cut surface has a 
dull opaque look, being paler than natural. The liver 
colls are swollen and granular, and in many cases contain 
fatty particles. (See Fig. 28.) 

The Kidneye. — In the kidneys tie change affects espe- 
cially the cortei. This is swollen, opaque, and friable. 
The Malpighian bodies and the pyramids are usually 
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abnormally vasonlar, and thus contraHt with the pale 
cortei. The epithelium in the tubes of the cortei pre- 
aenta the appearances above described. These are pre- 
cisely Bimilar to those met with in the earlier stages of 
tubal nephritis. 

The 3earl.—Tbe alteration produced in the heart con- 
siste in slight opacity, pallor, and dimination in the con- 
sistence of the muscular tissue. Under the microscope 
the muscular Bbres are seen lo have lost their distinct 
striatiou and to he finely Rrannlar. (Pig. 29.) Snch a 




Atutcuiar TlMue qf the Heart, from a com i^ 
tetert Tgphoid Ffter. SLowiug the i^luIm: 
condition of [he liDrea &nd tliL' loss of their 
strislJoii. r. 400. 

condition must materially interfere with the contractile 
power of the organ. A similar change ia met with less 
freqaeutly in other muscles. 

The Lmigt. — The change in the Inngs has beeu de- 
scribed by Bnhl as consisting in swelhng of the alveolar 
epithelinm. The epithelial elements are markedly 
granular from the presence of albuminous and fatty 
particles, and they become loosened from the alveolar 
walls. The change affects, more or less, the whole of 
both lungs. The organs are enlarged, cedematona, and 
abnormally friable.* 

This change occurs not only in pyrexia, hut also in the 

• Bnhl, " LuDgeuentzUiidaDg, TabarkaioBe, ond Schwindeaotit." 
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earlier stages of the process of inflammation. Here also 
a BwoUen and granular condition of the protoplasm is 
met with, especially in epithelial and endothelial elements. 
It is to this that Virchow gave the name of "clondy 
swelling." (See chapter on "Inflammation.") 

Respecting the nature of the change — nothing is cer- 
tainly known. Dr. Wickham Legg produced it arti- 
ficially in animals by submitting them to a high tem- 
perature, and he, in common with some other pathologists, 
is inclined to look upon it simply as a result of the higli 
temperature. The probability that it is due rather to 
specific alterations of the blood has been already alluded 
to. An exact knowledge of its pathology, however, must 
await further experimental investigation. In the mean- 
time, when it is borne in mind that the conditions in 
which it occurs are attended by alterations in the blood 
and in the nutritive processes, and that in advanced 
degrees of the change it is accompanied by more or less 
fatty metamorphosis, it may be regarded as probable that 
its occurrence will be found to be due partly to interference 
with the normal processes of tissue-oxidation, and partly 
to increased transformation of the protoplasm of the cells. 
(See " General Pathology of Fatty Degeneration.") 

Whatever be the nature of the change, there can be no 
doubt that it must very materially interfere with fanc- 
tion, and that its occurrence in the course of acute dis- 
ease, especially when affecting the heart, must constitnte 
a most important source of danger. Although it may 
lead to more or less fatty degeneration, it tends, if death 
does not supervene, to terminate in perfect health. 



CHAPTER XL 

NUTRITION INCREASED. 

The morbid processes thus far described have been at- 
tended either by arrest or by impairment of nutrition ; — 
those remain to be considered in which the nutritive 
activity is increased. They include the Regenerations, 
Hypertrophy, and the Tumours. 

In. considering these results of increased nutritive 

activity, it must be borne in mind that physiologically 

the formative power of different tissues varies greatly. 

During the period of development all the tissues increase, 

but when this period is completed, their activity is, for 

the most part, limited to merely maintaining themselves. 

In some tissues the power of reproduction is completely 

lost after the natural period of growth is past. Such is 

the case, for example, with the nervous centres, which 

when destroyed are never regenerated. In most tissues, 

however, this formative power is capable under certain 

conditions of again manifesting itself. There are two 

important causes of this re-manifestation. One is the 

destruction or loss of portions of tissue from injury or 

disease. This, in most structures, causes a formative 

activity in the cellular elements, and thus leads to the 

regeneration of the lost part. 

The other, and most important, cause of a renewal of 
reproductive activity after the completion of the period 
of growth is an increased supply of nutritive material. 
Such increased supply, however, can never lead to new 
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growth in tissaes which, like nerve-tissae, are incapable 
of again exhibiting their reproductive power. The in- 
creased sapply may be due to simple active or to inflam.- 
matoiy hyperemia. 

Simple active hypersemia of a tissue, and consaqneni- 
new growth, is most frequently the result of increased 
functional activity. Muscular tissue, for example, 
which does more work, increases in amount. The 
nervous influence which causes the increased activity of 
the muscle causes at the same time active hypersemia, 
and thus follows new growth. This is seen in the hyper- 
trophy of the muscles of the calf in ballet dancers ; also 
in the hypertrophy of a hollow viscus from obstruction to 
the exit of its oonteDts — as of the heart from obstruction 
at the valvular orifices or in the course of the circulation, 
of the muscular coat of the stomach in strictare of the 
pylorus, of the intestine above a permanent stricture, and 
of the bladder in stricture of the urethra. Glandular 
organs in the same way become hypertrophifed when, 
owing to the loss or incapacity of their fellows, one gland 
has to do the work of two. This is exemplified by the 
hypertrophy of one kidney when the other is destroyed 
by disease. Much less frequently the active hyper- 
SBmia which leads to the new growth is due to other 
causes. The hypertrophy of the spleen in malarial dis- 
eases is probably due to an active hyperssmia of the organ 
caused by the malarial poison ; and that of the thyroid 
gland in Graves* disease, to hyperaemia due to vaso-motor 
paralysis. (See " Active Hyperssmia.") In all cases the 
hyperssmia must be of long duration in order to lead to 
new growth. 

The new growth which results from inflammatory 
hyperaamia will be considered in the chapters on inflam- 
mation. Inflammatory growths diffler from non-inflam- 
matory ones in being caused by some i/njury, upon the 
removal of which the process of growth usually ceases. As 
examples of growths which must be regarded as occupying 
a kind of border-land between non-inflammatory and 

flammatory formations, may be mentioned the develop- 
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ment of corns from pressure, and of warts and condylo- 
mata from the irritation of unhealthy secretions. 

HYPERTBOPHY. 

The term " hypertrophy " is only applied to that form of 
new growth in which all the constituents of an organ are 
more or less involved, or those constituents, at all events, 
upon which the peculiar functions of the organ principally 
depend. An hypertrophied organ is one increased in 
size and functional power. Hypertrophy, therefore, can 
rarely result from an inflammatory process, because, as 
will be seen when speaking of inflammation, this leads 
mainly to an increase of the connective tissue of organs, 
and, with this exception, involves only epithelial and 
endothelial elements. The commonest cause of hyper- 
trophy is, as already stated, that increased nutritive 
supply which results from increased functional activity. 
The increased Activity is usually induced by a necessity 
for some increased work ; in muscle, for example, in order 
to overcome some obstruction, in a secreting organ — ^to 
secrete more fluid. Such hypertrophies are consequently 
conservative in their nature, and they are often spoken of 
3S functional hypertrophies. 

The increase in the amount of tissue which constitutes 
hypertrophy may be owing to an increase in the size, or 
to an increase in the number, of the histological elements. 
When it is owing simply to an increase in the size of the 
elements, it is termed simple hypertrophy ; when to an 
increase in their number, and to the formation of a new 
tissue, numerical hypertrophy, or hyperplasia. The two 
forms of hypertrophy are thus comparable with the two 
forms of atrophy : — in simple hypertrophy as in simple 
atrophy, there is merely an alteration in the size; in 
numerical — an alteration in the number of the elements. 
In most cases, however, hypertrophy is a hyperplastic 
process. In connective tissue and all the connective 
tissue substances it is invariably numerical ; but in muscle 
and glandular organs there is usually an increase in the 
size of the elements as well as an increase in their number 



CHAPTER XII. 

THE TUMOURS. 

Thk tumours are new formations whicli in their develop- 
ment and growth are characterised by their indepen- 
dence oi the rest of the body; they increase in siz€ by 
virtue of their own inherent activity, which differs from, 
and is, to a great extent, independent of that of the sur- 
rounding tissues. Having attained a certain size, they 
either remain permanent, or, more frequently, tend con- 
tinuously to increase. Whatever be the nature of the 
tumour, it is always the direct product of the elements of 
a pre-existing tissue. In order, therefore, to understand 
the pathology of these growths, it is necessary to be 
intimately acquainted with the histology and mode of 
development of the normal tissues. 

Etiology op Tumours. — As tumours are the result of 
the increased nutritive activity of the elements from 
which they originate, it wUl be readily understood that 
their causes must for the most part be obscure, and that 
in many cases all that can be said is, that the new growth 
is the result of the spontaneous activity of the elements 
from which it springs. Sometimes, however, the causes 
are either wholly or partially ascertainable. They may 
be divided into constitutional predisposing, and direct 
exciting, causes. 

Constitutional Predisposing Causes. — That many tu- 
mours owe their origin to some constitutional taint, has 
long been an universally accepted pathological doctrine. 
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The constitutional canse has freqnently been regarded as 
a general one, as consisting either in some alteration in 
the constitution of the blood, or in some abnormal condi- 
tion of the physiological processes throughout the entire 
organism. It was formerly supposed that many new for- 
mations were the result of an exudation from the blood- 
vessels, and that the elements of the g^rowth were produced 
spontaneonsly in the exuded structureless blastema. Such 
growths were looked upon as the local expression of a 
vitiated constitution of the blood, — a dyscrasia. Although 
this hypothesis is now universally abandoned, and all new 
formations are known to originate from pre-existing 
cellular elements, an alteration in the constitution of the 
blood or in the performance of the physiological processes 
throughout the body, is still regarded by many as playing 
an important part in their causation. 

It is the malignant tumours which are thus supposed 
to owe their origin to the existence of a general constitu- 
tional taint- These growths are said to be of a constitu- 
tional origin, in contradistinction to the non-malignant 
growths, which are looked upon as purely local. This 
hypothesis is principally based upon the clinical charac- 
teristics of the malignant growths — their tendency to recur 
after removal, their multiplicity, and the difficulty or im- 
possibility of completely eradicating them. 

It is said that the development of malignant growths 
is frequently preceded by an unhealthy state of the con- 
ptitution — a cachexia. In the majority of cases of malig- 
nant formation, however, there is no evidence of any such 
cachexia preceding the local growth. The individual is 
usually in good health at the time of the occurrence of 
the primary tumour. The general impairment of nutri- 
tion and emaciation, which constitute the cachexia, are 
secondary to the local growths, and are in direct propor- 
tion to their extent and situation : — the more extended 
the local lesions, the greater the amount of discharge; the 
more the lymphatics and the digestive organs are involved, 
the more marked is the attendant cachexia. 
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The multiplicity of malignant growths is also adduced 
as an argument in favour of the existence of a general 
constitutional taint. The fact that malignant g^wths 
are frequently multiple, constitutes in itself no ground 
for such a conclusion. The multiplicity is for the most 
part a secondary phenomenon, the secondary tumourfi 
resulting from infection by the primary one. Simple 
primary multiplicity is not so characteristic of malignant 
as of many other tumours — the lipomata, fibromata, and 
osteomata, are all more often primarily multiple than 
cancer. Multiplicity in many cases is evidence rather of 
a local than of a general taint. Tumours are often mul- 
tiple in bone, for example, without occurring in other 
tissues. In such cases there would appear to be a locai 
rather than a general cause. 

The recurrence of the malignant growth after removal 
at the seat of the operation, may again be owing to the 
removal having been incomplete, some of the proliferating 
elements of the growth shaving been left behind. The 
cellular elements of malignant tumours often extend into 
the adjacent tissues for some distance beyond the appa- 
rent confines of the tumour, and as the physical characters 
of the infiltrated tissues differ in no way from those of the 
healthy, there are no means of certainly determining how 
far wide of the tumour the incision must be carried in 
order to include the whole of the affected structures. (See 
" Malignancy.") A tendency to local recurrence is a pro- 
perty possessed by many growths, and it can be explained 
on local grounds without the necessity of admitting the 
existence of a general taint. 

Lastly, the fact that malignant growths are usually 
followed by the development of similar growths in the lym- 
phatic glands and in internal organs, may in most cases 
be more readily explained — as will be seen when speak* 
ing of "malignancy" — ^by regarding these as the result 
of infection by the primary tumour, than by ascribing 
them to the existence of a common constitutional cause. 

The reasons already adduced in a preceding chapter (see 
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** Introduction"), for considering all changes in the con- 
stitation of the blood as secondary to local causes, would 
appear of themselves to be sufficient to render untenable 
tbe hypothesis of a primary blood dyscrasia. Any ab- 
normal condition of the blood which may be associated 
'with the development of malignant tumours must pro- 
bably be regarded as resulting either from the absorption 
of deleterious substances, from the entrance into it of the 
elements of the growth, from the drain of an attendant 
discharge, or from interference with the processes of 
digestion, assimilation, or secretion, or with the formation 
of the blood itself. At the same time it must be borne in 
mind, when discussing the possibility of the development 
of malignant growths being the result of a ** blood- 
disease," that the emigration of white blood-corpuscles 
may play some part in the process. How far this is the 
case, as will be seen hereafter, we are at present unable to 
determine. "We know that this emigration constitutes a 
prominent feature in the process of inflammation, and if 
future researches should show that it also occurs in the 
development of malignant new formations whilst in those 
which are non-malignant it is entirely wanting, it would 
go far towards rendering the existence of a malignant 
dyscrasia beyond dispute. In the present position of our 
knowledge, however, in which it is only probable that an 
emigration of leucocytes may play some part in the de- 
velopment of new growths, both innocent and malignant, 
any argument in favour of the existence of a blood-dy scrasia 
as the cause of the development of the latter based upon 
such considerations would be unjustifiable. 

Although there would thus appear to be no necessity to 
admit the existence of a general constitutional cause in 
order to explain the clinical characters which constitute 
malignancy, there can be no doubt that the development 
of many growths, both innocent and malignant, is 
materially influenced by constitutional conditions. Certain 
conditions of the constitution may favour the development 
of tumours just in the same way that they favour, for 
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example, the development of syphilitic lesions. In both 
cases the local processes may be modified by the general 
constitutional state. In the case of tamours it must be 
admitted as possible that the constitutional infiaence 
may be sufficient in itself to determine the development 
of the new growth ; and this possibility mnst be borne 
in mind in accoanting for the development of secondary 
malignant growths, as although these may result from 
infection, they may perhaps in some cases owe their 
origin to the same causes as those which induced the 
primary one. 

The influence of hereditary predisposition must also be 
taken into account in studying the etiology of tumours. 
This influence is marked in the case of many growths 
both malignant and benign. The inherited peculiarity 
is probably, in most cases, a local rather that a general 
one, consisting in some constitutional peculiarity of the 
tissues from which the new growths originate, some 
peculiarity which renders them more prone than other 
tissues to undergo abnormal development. In scrofula, 
for example, which is a markedly hereditary disease, the 
tendency of the lymphatic glands to undergo excessive 
development from very slight degrees of irritation, is 
probably to be regarded as owing to a predisposition of 
the glands themselves, and not to any general consti- 
tutional state. The same is probably true of many other 
constitutional tendencies. NaBvi, tumours of the skin, 
uterus, mammae, stomach, and of other parts, are again 
all unquestionably sometimes hereditary ; and here also 
the tendency would appear to consist in a predisposition 
of the tissues themselves to become the seats of new 
formations. 

The tendency sometimes observed in particular tissues 
to generate new formations, points again to a local cause. 
The osseous system, for example, may be the seat of new 
growths — ^tumours occurring in nearly all the bones, and 
not being met with in other parts. Tumours may in the 
same way be multiple in other tissues. 



THE TUMOURS. Ill 

lyirect Exciting Causes. — ^THe existence of a direct ex- 
citing cause is more capable of demonstration than a 
coDstitational one. It consists either in some direct 
irritation of a tissue, which is by this means stimulated 
to increased development ; or in the migration or trans- 
mission of elements from some primary growth, which by 
proliferating themselves, or causing proliferation, in the 
tissues in which they lodge, constitute the centres of 
secondary formations. 

The direct irritation of a tissue may be owing to me- 
chanical or chemical irritants. Simple mechanical or 
chemical irritation can, however, under no circumstances 
"be the only cause of the development of a tumour. The 
effect of sach irritations alone, as has been seen in the 
preceding chapter, is to cause an inflammatory formation, 
or some of those forms of new growth such as corns, 
condylomata, and exostoses, which appear to occupy an 
intermediate position between inflammatory formations 
and tumours. In order for irritation to cause a tumour, 
there must be some special predisposition of the tissue 
itself: — the irritation can merely determine its develop- 
ment. It does so probably by causing a local hyperaemia 
and so increasing the supply of nutritive material. The 
influence of simple irritation in the production of new 
formations is exemplified by the frequent occurrence of 
epithelioma on the lips of smokers, from the irritation 
of the pipe ; and on the penis and scrotum of chimney- 
sweepers, from the irritation of the soot ("chimney- 
sweeps' cancer"). The numerous recorded instances of 
the development of a tumour following some external vio- 
lence or injury, leave little doubt that these also some- 
times stand to one another in the relation of cause and 
effect. Lastly, as pointed out by Yirchow, it is those 
organs which are the most exposed to irritation from 
external causes, as the stomach, the mammary-gland, 
and the rectum, which are especially liable to become 
the seats of new growths. 
The influence of elements, which have either migrated 
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or been conveyed from their original habitat, in causing 
the development of new formations is exemplified bj the 
history of malignant tumonrs. It is by this means that 
the secondary tumours most frequently originate. The 
elements, which either migrate spontaneously from the 
primary growth, or are carried by the blood or lymph 
streams, may proliferate in the tissue in which they 
lodge, and so develop into secondary formations. 

In other cases it is also exceedingly probable, as pointed 
out by Dr. Oreighton,* that the elements which are 
transmitted from the primary tumour cause the produc- 
tion of secondary tumours by virtue of an influence on 
the cells of the tissue where they lodge, which may be 
termed a spermatic influence, and which is comparable 
with that of the sperm-cell on the ovum. In such cases 
the relation of the primary to the secondary tumour is 
that of parent to offspring. This subject will be again 
alluded to when speaking of " Malignancy." 

Development. — In studying the development of the 
tiunours, it is important, in the first place, to bear in 
mind what has been already stated — viz., that they are 
in all cases the direct product of pre-existing cellular 
elements. Prof. Cohnheim has recently advanced the 
hypothesis that the cells from which they originate are 
not those of the mature tissue, but embryonic cells, a 
few of which, not having been utilised in the normal 
process of development, remain over, quiescent for a time, 
but ready, when from any cause there is increased blood- 
supply, to renew their formative activity. In support of 
this view he adduces the facts, that tumours tend to 
develop and to grow most rapidly when for physiological 
or other reasons there is any increased supply of blood ; 
and that tumours consisting of a tissue different in ty [^ 
to that of the structure in which they grow (heterologous 
tumours — e.g., enchondroma of the testicle), are only 
met with in tissues which are themselves derived from 
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the same primary embryonic layer as is tlie tissue of 
which the tamour is composed.* Whether this hypothesis 
be trae or not, it certainly serves to explain some points 
in the patbology of tnmonrs, and in considering the 
developmexit and history of these growths it will be well 
to remember it. 

The tumours in their development and stmctnre 
resemble tlie normal tissues — every pathological growth 
has its physiological prototype. The resemblance, how- 
ever, is by no means complete, for as indicated in the 
definition, tnmonrs in their development are characterized 
by their independence of the rest of the organism, so 
that in this and in their structure they are always more 
or less atypical. 

The elements from which tumours most frequently 
originate are those belonging to the common connective 
tissuey and to the blood-vessels and lymphatic system 
with which it is so intimately associated. By common 
connective tissue is meant that tissue which in all parts 
surrounds the blood-vessels, and is so universally dis- 
tributed throughout the entire organism. This must be 
carefully distinguished from the formed connective sub- 
stances — ^tendon, cartilage, bone, &c. In this common 
connective tissue we distinguish two kinds of cells—the 
stable cells (connective tissue corpuscles), and the mobile 
cells, which are probably wandering white blood-corpuscles. 
These cells are in intimate relation with the endothelium 
of the lymphatics, the latter vessels commencing as serous 
canals which are universally distributed in the tissue. 
Further — ^both the endothelixmi of the lymphatics and 
that of the blood-vessels closely resemble in their physio- 
logical functions the fixed cells of the connective tissue. 

In the process of development of tumours from con- 
nective tissue, the part which is played by the different 
cellular elements cannot in our present state of know- 
ledge be certainly stated. The first result of their activity, 
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bowerer, is to produce a new tUane, compoeed of smill 
rouudialk-Bh&ped cells, from ^iss ^ Tsbs °^ ^'^ ^'*°^ *" 
diameter, eiicloBiii|{ a Uxge ill-defined naclans. The celli, 
whicli poBBeBS DO limiting membrane bat are simply little 
masBCB of amceboid protoplasm, are enclosed in a Bcantj, 
semi-fluid, and faintly granular intercellular mateml 
(Fig. 30). This tiasne is obrioaslj predselj similar to 
embryonic tisane. In some caaea the protopl&sm cca- 
tinnea to increaae and the nnclei to diride withcmt any 
anfaseqnent division of the cell taking place, and thoa are 
produced lai^e im^nlar- shaped 
"i^- B^i masaee of protoplasm containiiig 

nnmerons nnclei. Tbeae are the 
giant or tnjeloid cells which are 
» ^ met with in the medulla of yonng 

• • •i^*** ^"^ *°^ ™ many aarcomatoaa 
*^kA*4{'«j| tnmonrs, (See "Myeloid Sar- 
* « W**%*'!!l coma," F^. 51.) Thna the firat 
* 0lff»f* * stage in the prooeas of develop- 
* ment consists in the formatdon 

of an embryonic tissne, and this 
f""'"' embryonic tissue subaeqaently 
X 35U. develops into the tissue of which 
the tumour is composed. It ia 
often impossible to determine in this early stage of the 
growth what it will ultimately become — whether a 
fibroma, a sarcoma, or an enchondroma, £c. According 
to the hypothesis of Cohnheim, the embryonic tisaoe, as 
already stated, is not derived from a proliferation of the 
elements of the mature connective tissue, bnt from em- 
bryonic cells which were not utilised during the period of 
pbyaiological development. 

The second stage of the process consiata in the develop- 
ment of this embryonic (" indifferent") tissne into the 
tisane of the permanent growth, and this aubaeqnent 
development closely resembles that of the immature con- 
nective tisBuo of the embryo. As from the immature 
connective tissue of the embryo are developed various 
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connective tissue substances — fibrous tissne, mncons 
tissne, cartilage, bone, &c. — so may this embryonic con- 
nectiye tissue, which constitutes the earliest stage of so 
many of the pathological new formations, become de- 
veloped into varions tissues, all of which usually more or 
less resemble the several varieties of the physiological 
connective tissues. The whole of the primary cells may 
form the same kind of tissue, in which case the growth 
will possess the same characters throughout ; or it may 
be complex, some cells forming one kind of tissue and 
some another. A combination of two or more kinds of 
stmctuie may thus be met with in the same tumour — as 
a combination of sarcoma and lipoma, of enchondroma 
and myxoma, and so on. What determines the ultimate 
development of the young cells, why they produce such 
various forms of growths, is as far from our knowledge as 
what determines the ultimate destination of the cells in 
the embryo. 

Next to connective tissue, the epithelium and glandular 
structures are the tissues from which tumours most 
frequently originate ; and as from eonnective tissue are 
usually produced growths of the connective tissue type, 
so do the growths originating from the epithelia usually 
resemble epithelium. As to whether all new growths 
originating in connection with epithelium are solely the 
offspring of pre-existing epithelial elements, we are unable 
to speak with absolute certainty. The answer to this 
question must await a more certain knowledge of the way 
in which the epithelial structures normally grow and 
repair themselves. It is regarded as probable by some 
that the normal production of epithelium is not entirely 
the result of the multiplication of epithelial cells, but that 
the cells of the connective tissue by contact with epithelial 
elements may become developed into epithelium. If this 
be so, it must be admitted as at all events equally probable, 
that pathological new formations which originate in con- 
nection with epithelium may be in part the product of 
elements belonging to the connective tissue. This subject 

I 2 
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will be again alluded to when speaking of the develop- 
ment of carcinoma. The process of development from 
epithelium may take place either by simple division, or 
by yacuolation and endogenous growth. 

Here allusion must be made to the recent investiga- 
tions of Dr. Creighton on the development of secondaiy 
tumours in the liver.* Dr. Creighton finds that in various 
kinds of secondary tumour occurring in the liver, the 
growth originates from the liver-cells by a process of 
vacuolation and endogenous formation ; and he concludes 
that in this way liver-ceUs may originate epithelial cells, 
connective tissue-cells, spindle-cells, &c., the variations 
depending upon the nature of the primary tumour. 

From the remaining tissues, muscle and nerve, the 
development of tumours is comparatively rare, and in 
the highest nerve-tissue it is doubtful if formative pro- 
cesses ever occur. 

According to the similarity or difference which subsists 
between the new growth and the tissue from which it 
grows, tumours are divisible into two classes — homo- 
logous and heterologous. When the tumour resembles 
in its structure and development the tissue from which it 
originates, it is said to be homologous ; when it differs, it 
is said to be heterologous. A cartilaginous tumour, for 
example, growing from cartilage, is homologous, bat 
growing from any other tissue, as from the parotid gland, 
it is heterologous. The same variety of tumour may 
thus be in one case homologous, in another heterologous. 
Heterology, however, is not limited to the production 
of a tissue which is dissimilar from that from which it 
originates ; a tumour is also said to be heterologous whes 
it differs from the tissue in which it is situated, and this 
may occur without its being the direct product of the 
latter. It is heterology in this sense that is so charac- 
teristic of malignant growths. Cancers, for example, 
become heterologous owing to the growth and extension 
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3t the epitbeliam beyond ita normal limita (see " Epitlie. 
liDnia,"Fig. 61); and the same form of heterology obtains 
ID the caae of growths origiuatiiig from elements which 
have migrated or been carried from tbeir original habitat, 
nnd have developed into a tissue which differs from that 
in which tbej are situated. 

Bei^tioh op the Tuhodb to the stiBBOtnfsnte 
Tissues, — The relation of lie tnmonr to the SDiroiinding 
atractnres will depend upon ite mode of growth. This 
maj be circumscribed or diffuse. In the former cose the 
tamonr will merely displace the surrounding parts, 
and having attained a certain deg^ree of development^ a 



Setrrhut qftht Mamma.— A thin section from the 
moat external portion of the tnmoar. Sbowing 
the invasion b; Bmoll-celled inflltration of the 
muscular fibres and adipose tisaue in the neigh- 
boniiiDod of the gland, x 200 

fibrooB capanle is often formed around it, by which it 
becomes completely isolated. The hpomata, fibromata, 
uid enchondromata are nsually thus encapsuled. In 
other cases the growth is diffuse and invades the adjacent 
>tnii±nrea. There is then no line of demarcation between 
tbe tnmonr and the snrronnding parts, so that althongh 
tethe naked eye it may appear separate, the microscope 
will discover in the adjacent tisanes elements of the new 
gTuwth. (Fig. 31.) This is characteristic of malignant 
tnnonrs, and is a. common cause of local recurrence after 
remoraL (See " Malignancy.") 
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Retrogressive Changes. — ^A tumour never actually 
disappears, and it thus differs from an inflammatoij 
growth — for example, from a syphilitic gumma. It may 
remain stationary, or grow slowly or rapidly, and sooner 
or later it usually becomes the seat of retrogressive 
changes. The time at which these commence varies .*— 
As a rule the permanence and durability of a tumour bear 
an inverse relation to the rapidity of its growth, and to 
the inferiority of its organisation. The more rapid the 
growth, and the more lowly organised the tissue formed, 
the less its durability and the sooner do retrogressive 
changes occur. The carcinomata and sarcomata, for 
example, which develop rapidly, and consist for the most 
part of cells, quickly degenerate ; their elements are 
unstable and soon perish. Osseous tumours, on the other 
hand, which develop more slowly, and consist of a more 
highly organised tissue, have a much greater stability, 
and are but little liable to retrogressive metamorphosis. 

The retrogressive changes are similar to those met with 
in the physiological tissues. Deficient supply of blood 
is followed by fatty degeneration and its various termi- 
nations — softening, caseation, and calcification. Pig- 
mentary, colloid, and mucoid degeneration may also occur. 
Tumours may also become the seats of an inflammatory 
process, of ulceration, hsemorrhage, and necrosis. 

Malignancy. — By "malignancy " is understood the pro- 
perty possessed by many tumours of reproducing them- 
selves either locally after removal, or in distant tissues. 
It is important not to confound the terms " malignancy" 
and " cancerous." " Malignancy " is a purely clinical 
term, and although in a high degree the property of the 
carcinomata, is by no means confined to them ; the 
sarcomata, for example, being in many cases equally, or 
even more malignant. The term ** ca/nc&rousy* on the 
other hand, is used to imply a definite structure, and as 
such is applied to a certain class of new formations. 

The malignant properties of a tumour may manifest 
themselves either in the tissues immediately adjacent to 
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it or in its neighbourhood, in the nearest chain of lym- 
phatic glands, or in more distant parts. Some growths 
possess these properties in a higher degree than others, 
80 that there are different degrees of malignancy. In 
many cases the malignancy of a tumour is so far limited 
that it gi^es rise merely to a local reproduction after 
remoTal. Such tumours have been separately classified 
by many surgeons as " recurrent" tumours. (See " Small 
Spindle-celled Sarcoma.") In other growths this ten- 
dency to local reproduction is associated with the develop- 
xnent of similar growths in the nearest lymphatic glands; 
whilst in a third class of cases, to one or both of these 
conditions is added the reproduction of the growth in 
more distant tissues, especially in the lungs and liver. It 
will be advisable to treat of these three degrees of malig- 
nancy separately. 

!• Meprod/uction of the Twmour in the Adjacent Struc- 
twres. — ^This is usually the earliest evidence of malignancy 
in a growth, and gives rise to its persistent recurrence 
in loco after removal by the surgeon. This tendency to 
the local reproduction of the tumour is principally owing 
to its mode of growth. The cellular elements of the 
tumour invade the adjacent structures, and often extend 
for some distance into them, so that unless in the opera-* 
tion for its removal the incision be carried for some dis- 
tance beyond the apparent confines of the growth, some of 
the elements may be left behind and thus constitute 
the centres of secondary formations. (See Fig. 31.) The 
elements of malignant tumours may probably also, as 
already stated, induce by the influence of c^ontact similar 
developmental changes in the cells of the surrounding 
tissue. It is this influence which, according to Professor 
Maier, Dr. Greighton, and other pathologists, is especially 
characteristic of the cancers, and gives to these tumours 
their peculiar infective properties. The epithelial growth 
is not at first infective, but when its development has 
reached a certain height it exercises an infective influence 
upon the cells of the neighbouring connective tissue and 
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causes them in their proliferation to assume an epithelial 
type.* (See " Development of Carcinoma.'*) Malignant 
tumours are not usuallj encapsuled, but in some cases 
tumours which possess a distinct capsule infiltrate the 
surrounding structures. The infiltration of the adjacent 
tissues by the elements of the tumour sometimes gives 
rise, not only to the continuous enlargement of the pri- 
mary growth, but also to the development of separate 
secondary growths in the immediate vicinity of the 
primary one. 

2. Beprodtuition of the Tumour in the nearest Lym- 
jpliatic Olcmda. — ^This is owing to the transmission, by the 
lymph-stream of cellular elements derived from the nmlig- 
nant growth, which become arrested in the nearest lym- 
phatic glands, and there cause the development o! 
secondary formations. These are in all cases of the same 
nature as the primary tumour. When the lymphatic 
glands have themselves developed into secondary growths, 
they in their turn constitute new centres of infection, and 
may thus infect more distant glands or the immediately 
adjacent tissues. The tendency to reproduction in the 
lymphatic glands vai-ies very much in the different 
varieties of malignant growths, being, for example, very 
marked in the carcinomata, wherereas in the sarcomata it 
is less frequent. The reasons for these differences will be 
seen in the subsequent chapters. 

3. Reproduction of the Tumour in Distant Tissues. — 
This is usually the terminal process in the history of 
malignant growths. The reproduction of the malignant 
growth in distant tissues is in the great majority of cases 
owing to the entry of some of its elements into the blood- 
stream. The secondary tumours, as in the lymphatic 
glands, are in all cases of the same nature as the primary 
one, although they are often softer, more vascular, and 



* See Paper by Dr. Creighton " On the Infection of the Connec- 
tive TiBBue in Scirrhous Cancers of the Breast." Journal of Anatomy 
and Physiology^ vol. xiv. 
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show greater activity of growth. They occnr as a rule 
in those organs through which the hlood from the pri- 
mary tumoiir first passes — ^that is, in those organs which 
present the first set of capillaries for the arrest of the 
transmitted materials. In mahgnant diseases of those 
organs, for example, which retnm their blood through 
the portal vein, as the stomach and mesenteric glands, it 
is the Hver in which the secondary growths usually first 
occur, and when this has become involved, it may consti- 
tute a secondary centre of infection, and in the same way 
cause tertiary growths in the lungs. Although this 
sequence is the rule, there are numerous exceptions. In 
some cases, the organs which are nearest in the course of 
the circulation to the primary growth escape, whilst those 
more distant become afiSected. This may be owing to one 
organ being more favourable to the development of the 
transmitted elements than another ; or to the capillaries 
of the proximal organ allowing elements to pass through 
them, whereas those of the more distant one are small 
enough to arrest them. Lastly, it must be borne in 
mind that the secondary growths may be entirely in- 
dependent of the primary one, their origin being due to 
the same cause. 

Although the general dissemination of a malignant 
growth is thus in most cases owing to the transmission 
of its elements by the blood-stream, this is not the only 
way in which it may be brought about. Exceptional 
cases have been described in which the elements of a 
tumour have been distributed and caused secondary 
growths in other ways — as by passing down the trachea, 
travelling between the layers of the peritoneum, and 
from the kidneys down the ureters to the bladder, &c. 

The secondary tumours, as already stated, are probably 
either the direct products of the transmitted elements 
which proliferate in the tissues in which they lodge, or 
they owe their origin to the infective influence of those 
elements upon cells with which they come into contact. 
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It is thus obvious that tlie evidences of maligiiancy in 
a tumour will consist — in its invasion of the surrounding 
structures, the implication of the neighbouring Ijm' 
phatics, and the occurrence of similar tumours in internal 
organs. As a general rule it may be stated that the 
more jaice a growth contains, and the richer it is in 
blood-vessels and lymphatics, the more quickly will it 
infect the lymphatic glands, and internal organs ; on the 
other hand, the poorer it is in blood-vessels and lym- 
phatics, the more are its infecting properties confined to 
the neighbouring tissues. 

The determination of the innocent or malignant nature 
of any growth will principally depend upon its micro- 
scopical characters, and, as will be seen when considering 
the various kinds of tumours, the differences which exist 
in their clinical characters are in great measure to be 
explained by differences in their position, minute struc- 
ture, and mode of growth. Many varieties of tumours are 
invariably malignant, as the carcinomata and sarcomata ; 
hence any growth which from its minute structure must 
be included under these heads, must be regarded as being 
of a malignant nature. 

Olassipication. — Tumours may be classified upon a 
histological, or upon a physiological and clinical basis. 
Although a physiological and clinical classification is 
much to be desired, in the present state of our knowledge, 
they must be very incomplete. The usual classification 
of tumours according to their histological characters is 
consequently here adopted. Such a classification may 
be most advantageously made in accordance with the 
classification of the physiological tissues : — 
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CLASSIFICATION OF TUMOURS. 
I. Type of the FuO/y Developed Connective Tissties. 



Type of fibrons tissue 
„ adipose tissue 
„ cartilage. . 
bone . . . 



»» 

J, mucous tissue 



. Fibroma. 

. Lipoma. 

. Enchondroma. 

Osteoma. 

Myxoma. 

fHodgkin*8 
Disease. 
LeuksBmia. 

II- Type of Higher Tissues, 

Type of muscle Myoma. 

„ nerve Neuroma. 

,f blood-vessels . . . Angioma. 
„ papillsB of skin ori 

mucous membrane . i PapiUoma. 

„ secreting glands . . Adenoma. 

■ 

1 1 i . Type of Embryonic Connective Tissue, 

The Sarcomata, 



Spindle-celled Sarcoma . 



{ Small spindle-celled Sarcoma. 

Large „ „ 

Melanotic Sarconuk 
^ Osteoid Sarcoma. 



Bound-celled Sarcoma . . (Glioma. 

I Alveolar Sarcoma. 

Myeloid Sarcoma. 

IV. The Ca/rcvnomata, 

Scirrhus. 

Encephaloid* 

CoUoid. 

Epithelioma — Adenoid Cancer. 

V. Cystic Twmours. 

Cysts. 



CHAPTER XIII. 



THE FIBEOMATA. 



The fibromata, fibroni, fibro-ceUnlar, or connective-tiB^ne 
tumours, are tumooTB oonsistrng of fibrous tissae. 

STBuCTUaB. — In strQctnre the fibromata present the 
same Tarifttione as those met with in fibroua tiHsna 
Some of them are composed of firm, dense, fibroua tiBBne, 
snch an constitutes tendons ; others are laier and leas 
fibrous in conaiatence, more resembling the connective 
tissue of the cutis. The fibres, which constitute the 
chief part of the growth, are more or less closely inter- 
laced, and are distributed without any definite arrange- 
ment, or gronped in bnndlen of various sizes. They are 
Pro. 89. 




3 ction of a Fibrous 7\, 
nf the cu bod usee \ ^ ^ r.„ 
vorsely. - 200 trad reduced i. 
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Bometimes arranged concentrically around the blood- 
vessels. (I^ig. 32.) Yellow elastic fibres are but very 
rarely met with. The cells, like tbose of normal fibrous 
tissue, are very few in number, and are usually most 
abundant around the vessels. They are minute, spindle- 
shaped, fdsiform, or stellate bodies, the latter having 
processes of varying length, which communicate with 
similar processes from neighbouring cells. They are 
often BO small and indistinct as in the fresh specimen 
only to become visible after the addition of dilute acetic 
acid. The size and number of these cells vary with the 
rapidity of growth — the slower the growth the more 
fibrous the tissue, and the smaller and less numerous are 
the cells. 

The fibromata usually contain but few blood-vessels. 
In the softer growths, however, these are often more 
numerous. They sometimes form a cavernous network, 
the walls of which are firmly united to the tissue of the 
tumour, so that when divided or ruptured they are unable 
to retract. In such cases, injury to the tumour is often 
followed by profuse haemorrhage. 

Development. — The fibromata originate from connec- 
tive tissue, either from the cutis or subcutaneous connec- 
tive tissue, from the submucous or subserous tissue, from 
fascisft, the periosteum, the neurilemma, or from the 
connective tissue of organs. In the earliest stages of 
their growth the cells are more numerous than when 
development is complete. (See "Development of 
Tumours.") 

Secondary Changes. — Of these, partial mucoid soften- 
ing and calcification are the most common. Ulceration 
also sometimes occurs in those growths which are situated 
in the skin and submucous tissue. 

Varieties. — Fibrous tumours present some variations 

in their characters, which depend for the most part upon 

the tissue from which they grow. Two classes may be 

distinguished : — 

1. Soft Fibromata, — These consist of the looser and 
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less dense fonn of fibrous tissue. Thej are met with as 
difhised f^prowths in the sabcntaneons and snbmncons 
tissue. In the fonner sitoation thej often form, large 
pedunculated and non-encapsuled tumours, which are 
oommonlj known as wens. These are sometimes mul- 
tiple. A similar increased growth of the subcutaneous 
tissue is also met with in MoUuscum Fibrosum. In this 
disease the large masses which hang down from the 
thighs, buttocks, and other situations consist simplj of 
loose fibrous tissue. The new growth here often contains 
numerous large blood-vessels, so that its removal may 
lead to dangerous hssmorrhage. 

In addition to these diffased growths, more circum- 
scribed and encapsuled fibrous tumours of the soft variety 
are occasionallj met with growing from the scalp, scro- 
tum, labium, intermuscular septa, and other situations. 

2. Firm Fibromaia. — These are composed of dense 
fibrous tissue resembling that met with in tendons. They 
are firm, hard, encapsuled tumours, presenting on section 
a greyish-white, glistening, fibrous appearance. These 
tumours often occu^ in connection with bone, especially 
with the upper and lower jaws, originating either in the 
centre of the bone or from the periosteum. Growing 
from the periosteum of the alveolus they constitute 
simple fibrous epuUs, They are also met with in the 
nose, where they form one variety of naeal polypue. It 
is in these firm fibrous growths that the communication 
of the blood-vessels with cavernous spaces already alluded 
to, is sometimes found. 

Another variety of firm fibrous tumour grows in con- 
nection with nerves, and is often described as neuroma. 
True neuromata, however — i.6, new formations of nerve- 
tissue — are amongst the rarest forms of new formations. 
These fibrous growths most frequently occur in connec- 
tion with the superficial nerves. They grow from the 
neurilemma, and as they increase in size the nerve-fibres 
become expanded over them. They are very firm, rounded 
tumourp, and are frequently multiple. 



THE FIBROMATA, 127 

The fibroid tumours of tlie uterus, which are often 
described as fibrous tumours, are in most cases over- 
growths of the involuntary muscular tissue of the organ. 
They will therefore be considered with the muscular 

tumours. (See " Myoma.") 

ClinicaIj Ohabacters. — Clinically the fibromata are 

perfectly innocent. They grow slowly, and have no ten- 
dency to recur locally after removal. 



FSAMMOMA. 

This is perhaps the best place to allude to a rare form 
of growth occasionally met with in the brain and its mem- 
branes, which is known as psammoma. The most charac- 
teristic feature of this growth is that it consists largely 
of calcareous particles. These are contained in the 
concentric bodies already described as the corpora 
amylacea, where they give rise to the so-called " brain- 
sand": — hence the name of the growth. The calcified 
corpora amylacea, associated with a varying quantity of 
a cellular and fibrillated tissue, and blood-vessels, make 
up the growth. 

Psammoma is usually met with growing from the 
membranes of the brain, or from the choroid plexus. In 
the latter situation it often contains numerous cysts. It 
is of no pathological importance except when of sufficiently 
large size to produce symptoms from pressure. 



CHAPTER XIV. 



THE UPOMATA. 



A OEXERAL new formatioii of adipose tissue, constitutiiig 
obesity, lias already been described nnder " fatty infiltra- 
tion." A localised and circnmscribed formation consti- 
tutes a lipoma or fatty tnmonr. 

Structure. — ^The lipomata resemble in their stractore 
adipose tissue. (Fig. 33.) They consist of cells containing 

faty and a variable qnan- 
^^^' ^^' tity of common connective 

tissue. The cells, like 
those of adipose tissue, 
though usually somewhat 
larger, are more or less 
round or polygonal in 
shape, and are distended 
with fluid fat. The nu- 
cleus and protoplasm are 
so compressed against the 
cell-wall by the fluid con- 
Lipoma. Some of the cells contain tents, that, although their 
crj'stallised fatty acids, x 200. existence may often be 

demonstrated by treatment with reagents, they are 
usually only readily visible when the cell is atrophied 
and contains less fat (See Fig. 4 a.) The connective 
tissue, which varies in amount, usually unites the cells in 
masses or lobules of various sizes, and also in most cases 
forms a thin capsule around the tumour. Blood-vessels 
are distributed in the fibrous septa. 




J 
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Development. — The lipomata grow from connective 
tissue. Adipose tissue, it must be remembered, is merely 
connective tissue containing numerous cells which are 
infiltrated with fat ; and its growth consists, either in the 
infiltration of more of these cells, or in a proliferation 
of the cells, and an accumulation of fat in those newly 
developed. A Upoma in the same way originates by a 
localised proliferation of cells, which as they are produced 
become infiltrated with fat. The gro^iih of these tumours 
is always very slow, and they are usually encapsuled by a 
layer of fibrous tissue. 

Secondary Changes. — Secondary changes in the lipo- 
mata are not common ; their fibrous septa may, however, 
become calcified, or even ossified, and the fatty tissue 
undergo a process of liquefaction. Softening may also 
occur fronoi a mucoid change. Inflammation of these 
tumours is rare, but when situated in the subcutaneous 
tissue the skin over them may become adherent and 
ulcerate. 

Physical Characteks, &c. — The situation of the lipo- 
mata is almost co-extensive with that of adipose and 
connective tissue. They occur most frequently, however, 
in those parts in which fat is normally met with, as in 
the subcutaneous tissue and the inter -muscular septa. 
They are also occasionally developed in the subsynovial 
and subserous tissues, in the submucous tissue of the 
stomach and intestines, and even in internal organs. 
They sometimes attain an enormous size. They are more 
or less lobulated, and are usually surrounded by a fibrous 
capsule which separates them from the adjacent structures. 
On section they present the ordinary appearance of adi- 
pose tissue. Their consistence varies with the amount of 
fiibroua tissue which they contain. They are usually 
single, although not unfrequently multiple. In their 
growth they occasionally become pedunculated. 

Clinical Charactees. — Clinically, the lipomata are 
perfectly innocent. 



CHAPTER XV. 

THE ENCHONDEOMATA. 

Thb Enchondromata are tomonrs histologically resem- 
bling cartilage. 

Strdctuee. — Like cartilage they coasist of cells and 
an iutercellnlai snbstaiice, which present all the varia- 
tions observed in the normal tissne. The intercellular 
subatance may be hjaliae, faintly or distinctly fibrons, or 
mucoid. When fibrona, the fibres maj be arranged like 
those of fibro -cartilage, or more or less concentricaUj 
around the cells, as in the reticular cartilages of the ear 
g^ and larynx. (Pig. 34.) When hy- 

aline or mucoid, it ia sumetimeg 
quite soft in consistence. The cells 
.. ■ may be lery numerous, or few in 

-^^' :, ^ proportion to the matrii. They 

^ ., are round or oval, and occaeionallf 

,iS, ,'. branched and stellate. In the bj- 

aline forms they are usually large 
and round or oval (Fig. 35) ; in the 
fibrous forms they are often amaller 
and even somewhat spindle-shaped, more resembling those 
of connective tissue ; and in the rarer mucoid forms, 
they are more commonly stellate and branched, like those 
of the umbilical cord. They are either single or arranged 
in groups, and are usually Burronnded by a capsule, as 
in normal cartilage, although this is often very indistinct 
They enclose one or more nuclei and slightly granular 
cuntents; somelimes a cell-wall cannot be distingoished. 
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Hyoiinf EncJumdrnnui. 



In addition to the interoellalar substance, the growth ia 
asoally divided into several lobes by bands of fibrons 
tiaaae, in which are contained the blood-vesaelB. These 
lotses are often very dis- 
tinct, eo that the grovtb 
appears to be made up of 
several separate tnmours. 
Xhe fibrous tissue in moat 
cadea also encspsnlea the 
growth, and separates it 
from the surronndiog 
atractnres, although 
sometimes this encapsu- 
lation ia absent, and the 
ttunonr is snrronndedby 
a zone of embryonic cells, 
wbich infiltrate the adjacent tissues. 

Development. —The enchoudromata moat frequently 
Orij^nate from bone and common connective tissue, very 
rarely from cartilage. Cartilage itself, and especially 
fibrous cartilage, ia very closely allied to commoa connec- 
tive tissue. It grows from the deeper layers of the 
pericbondrinm, which proliferate and form an embryonic 
tissue ; the yonng cells become cartilage (Jells, and these 
probably form the matrix, which is either homogeneous 
or fibrillated, constituting in the one case hyalise, and in 
tbe other fibrona cartilage. The development of enchon- 
droma from connective tissue is precisely similiar to the 
physiological progress. 

in tbe development of enchondroma from osseous tissue 
tbe medulla is tbe source of the new growth. This pro- 
liferates, the osseous . trabeculee are absorbed, the ueigb- 
bouring medullary spaces open one into the other, and in 
this manner a large medallary cavity is prodnced. In the 
centre of this the joang cells first formed enlarge and 
become separated by a homogeneous, or, less frequently, 
sightly fibrillated inteTcellular substance, and thus is 
produced a mass of cartilage in the centre of the medul- 
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lary tissue. This gradually increases till ultimately a 
laver of fibrous tissue is formed around it, and its farther 
growth takes place from the tissue of its capsule. 

Lastly, cartilaginous grovrths may originate from carti- 
lage itself. These are sometimes seen on the surface of 
the articular cartilages, in the larynx and trachea, and on 
the costal and intervertebral cart^ages. They are simply 
local outgrowths from pre-existing cartilage. They rarely 
attain a large size, and in structure and physical charac- 
ters more closely resemble normal cartilage than the other 
forms of enchondroma. They are usually described as 
enchondroeee, and must be distinguished from the other 
forms of cartilaginous tumour. 

Secokdaky Changes. — Of these, calcification is much 
the most common. It affects different parts of the 
growth, commencing in the capsules, and then involving 
the intercellular substance. Ossification also occasionally 
occurs ; it commences at separate centres, and spiculae 
of bone are formed which traverse the tumour in various 
directions. Fatty degeneration and mucoid softening are 
common changes, and may lead to the formation of large 
softened masses which present the appearance of cysts. 
In rare cases the skin covering the tumour ulcerates, and 
a fungating mass protrudes. 

Vakietebs. — The varieties of enchondroma depend 
mainly upon the nature of the intercellular substance. 
There are thus hyaline, fibrous, and mucoid enchondro- 
mata ; these, however, are usually combined in various 
degrees in the same tumour. As a rule, those originating 
from the medulla of bone are of the hyaline and mucoid 
class, whilst those originating from connective tissue in 
other situations are more frequently fibrous. The rapidly- 
growing fibrous forms approach very closely the confines 
of the sarcomata, the mucoid forms the confines of the 
myxomata; and these two kinds of growth are often 
associated in the same tumour. 

A variety of enchondroma has been described under 
the name of osteo- chondroma, which in structure more 
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closely resembles bone than cartilage. It consists of a 
tissue similiar to that met with between the periosteum 
and bone in rickets, which from its resemblance to osseons 
has been called osteoid tissue. This tissne only requires 
calcifying to become trae bone. Like bone it is made up 
of trabecnlsB and medallaiy spaces, but the trabeculae, 
instead of bone-corpuscles and lamellae, .consist of small 
angular cells without a capsule, situated in an obscurely 
fibrillated matrix, which in part is calcified. The medul- 
lary spaces contain a fibrous stroma and many blood- 
vessels. The osteo-chondromata, although consisting 
mainly of this osteoidtissue, contain also a small proportion 
of cartilage. They originate beneatli the periosteum, their 
common seat being the ends of the long bones. Their 
g^rowth is very rapid, and they often attain an enormous 
size. They are much more freely supplied with blood- 
vessels than the ordinary enchondromata, and hence they 
are much less frequently the seats of retrogressive changes. 
They are especially prone to become ossified and converted 
into true bone. 

Physical Characters, &c. — The enchondromata occur 
most frequently in early life. About three-fourths of 
them are met with in the osseous system, where they 
grow either from the medulla or from the periosteum. 
There favourite seat is the fingers and toes. The remain- 
ing fourth occur most frequently in the parotid gland 
and in the testicle. They occasionally grow in the inter- 
muscular septa, in the subcutaneous cellular tissue of 
the mamma, and in the lungs. They are usually single, 
except when occurring on the fingers and toes, in which 
situations they are more frequently multiple. They con- 
sist of a single tumour, or of several smaller tumours 
held together by fibrous tissue. The more slowly growing 
enchondromata are hard, smooth, elastic tumours, often 
lobulated, and seldom exceeding the size of an orange. 
Less frequently these tumours grow very rapidly, are 
quite soft in consistence, and attain a large size. 
Clinical Characters. — ^The enchondromata must for 
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the most part be regarded as innocent growths. They 
are usnally encapsnled, and in most cases produce merely 
local effects, although these, from the parts involved and 
the rapidity of growth, are often very injurious. The 
softer forms, however, and especially those which occur 
in the medulla of bone and in glands, occasionally ex- 
hibit malignant characters. These grow the most rapidly, 
and are often not limited by a fibrous capsule, but sur- 
rounded by a zone of embryonic tissue. Such tumours 
tend to recur locally after removal, and in rare cases also 
infect the lymphatic glands, and are reproduced in the 
lungs. In speaking of the malignancy of these enchon- 
dromata, it must be borne in mind that they are some- 
times associated with sarcoma, and the malignant pro- 
perties are probably in all cases to be ascribed to the 
combination of sarcomatous with the cartilaginous 
elements. 



CHAPTER XVI. 

THE OSTEOMATA. 

The Osteomata, or osseons tumours, are tumours consist- 
ing^ of osseous tissue. A new formation of bone occurs 
under various circumstances. Irritative conditions of the 
bone and periosteum are often attended by a large forma- 
tion of new bone. This is seen after fractures, in which 
there is not only a formation of bone from the bone 
itself, but also from the periosteum and adjacent fibrous 
stmctures ("permanent" and "provisional callus"). 
Chronic inflammation of the periosteum is also fre- 
quently followed by thickening of the bone beneath it. 
These, however, are inflammatory formations, and have 
not an independent growth like the osseous tumours. 

Structure. — Osseous tumours resemble in structure 
normal bone. There are three histological varieties : — 

1. The Ehumated Osteomata. — These consist of dense, 
compact, osseous tissue. The lamellsB are arranged con- 
centrically and parallel to the surface of the tumour. 
There is a complete absence both of blood-vessels and of 
cancellous tissue. 

2. The Compact Osteomata. — These are formed of a 
tissue similar to that of the compact tissue of the long 
bones ; differing only in the arrangement of the Haver- 
sian canals and canaliculi, which is less regular than in 
normal bone. 

3. The Cancellous Osteomata, — These consist of cancel- 
lous osseous tissue, which is usually surrounded by a thin 
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layer of denser bone. The medullary spaces may contain 
embryonic tissae, a fibrillated tissue, or fat. 

Development. — Osseous tumours originate from bone 
or its periosteum, from cartilage, and from connectiTc 
tissue apart from bone. 

Vabieties. — ^The osteomata are divisible into two 
classes, according to their seat — the homologous osteo- 
mata or exoBtoses, and the heterologous osteomata or 
osteophytes. 

The homologous osteomaia or exostoses, are outgrowths 
from pre-existing bone, growing either from the peri- 
osteum, from the articular cartilage, or from the medulla. 
Those growing from the periosteum occur most fre- 
quently on the external and internal surfaces of the 
skull : the orbit is an especially favourite seat, and here 
they are often dense and ebumated. They are also met 
with on the scapula, pelvis, and on the upper and lower 
jaws. In the last-named situation they may grow from 
the dental periosteum. There is usually a line of demar- 
cation between them and the subjacent bone, the new 
tissue of the tumour being distinct from the compact 
tissue of the bone. The periosteum from which they 
grow covers them, and is continuous with that of the old 
bone. 

The exostoses growing from the articular cartilages 
occur at the ends of the long bones. In structure they 
are much more cancellous than the periosteal growths, 
and their outline is less regular. The medullary exostoses 
— or more properly, enostoses — are the least frequent: 
they originate in the medullary tissue. 

The het&i'ologous osteomata or osteophytes, originate 
apart from bone, growing from connective tissue. They 
are especially liable to occur in tissues in the neighbour- 
hood of bones which are the seat of a chronic inflam- 
matory process, and they must in most cases be regarded 
rather as inflammatory formations than as tumours. 
Such formations of bone are sometimes met with in the 
eighbourhood of diseased joints and of diseased bone in 
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other situations, in tendons, in the cartilages of the 
larynx in chronic laryngitis, in the costal cartilages, in 
the bronchi, in mnscle, in the arachnoid and pia mater, 
and even very occasionally in the lungs and brain. They 
must be distinguished from calcareous deposits, in which 
there is no new formation. (See "Calcareous Degene- 
ration.") 

Clinical Characteeis. — ^Thc osteomata are perfectly 
innocent tumours. Their growth is very slow. They 
rarely attain a large size. They are often hereditary and 
mnltiple, in which case they usually occur in early life. 
Those osseous growths which sometimes exhibit malig- 
nant characters, are enchondromata or sarcomata which 
have undergone partial ossification. From these, true 
osteomata must be carefully distinguished. (See "Os- 
teoid Sarcoma.") 



CHAPTER XVII. 

THE MYXOMATA. 

The myxomata are tumours consisting of mucous tissue. 
Mucous tissue is a translucent and succulent connective 
tissue, the intercellular substance of which yields mucin. 
Physiologically, this tissue is met with in two forms, and 
in two situations : — one — in the vitreous body of the eye, 
in which the cells are roundish and isolated ; the other — 
in the umbilical cord, in which the cells are fusiform or 
stellate, and give off fine prolongations which anastomose 
with one another. In both, the intercellular substance is 
homogeneous and yields mucin. The connective tissues 
in their embryonic condition, as already stated when 
describing "mucoid degeneration," possess an inter- 
cellular substance containing large quantities of mucin. 
This is especially the case with the tissue which subse- 
quently becomes adipose. New formations may undergo 
a mucoid change, and thus closely resemble in their phy- 
sical and chemical characters the myxomata. A myxoma, 
however, is a growth which consists of mucous tissue. 
The myxomata are thus very closely allied to the sarco- 
mata, and by many are included in the same class of new 
formations. 

Structure. — The cells present the two varieties met 
with in the physiological tissues. The majority are 
angular and stellate, with long anastomosing prolonga- 
tions. (Fig. 36.) Others are isolated, and fusiform, 
oval, or spherical in shape. They usually possess one, 
in some cases two distinct nuclei. Their contour is verv 
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indistiact, owing to the refracting nature of the inter- 
cellular Bubstance. The latter ia verj abundant, per- 
fectly homogeneons, of a soft gelatiniform TiHcid con- 
siBteuce, aaU jielda large qnantities of mucin : amongst 
it are a varying number of amoeboid cells. The blood- 
vessels, nhicb are not nnmeronB, are readily visible and 
easily isolated. A few elastic fibres are sometimes seen 
between the cells. 

FlO. 86, 
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Developxeut. — The myiomata always originate from 
one of the connectiTC tisanes. Adipose tisane is their 
most favonrite seat — either the enbcntaneona, the sub- 
maooQS, or the inter-muscnlar adipose tissue. They also 
grow from the medullary tiasne of bone, the connective 
tisane of oi^ans, from the connective tissue of the brain 
and spinal cord, and from the sheaths of nerves. They 
are usaally separated from the surronnding structnrea by 
a very thin fibrous capsule, fine prolongations from which 
divide the growth int« lobulea of various sizes. In ex- 
ceptional cases tliej may increase by the continuous 
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inyasion of their matrix. Their growth is usuallj slow, 
but they may attain an enormous size. 

Secondary Changes. — Of these the most common is 
rupture of the capillaries, hsamorrhage, and the formation 
of sanguineous cysts ; this, however, is less frequent than 
in the sarcomata. The cells themselves may undergo 
mucoid or fatty degeneration, and thus be destroyed: 
thirt is usually accompanied by liquefaction of the inter- 
cellular substance. 

Varieties. — The varieties of myxoma depend prin- 
cipally upon its combination with other growths. The 
most common is a combination with lipoma. Combina- 
tions with sarcoma, enchondroma, and adenoma, are also 
frequently met with. 

Physical Characters, <fec. — The myxomata are of a 
peculiar soft gelatiniform consistence, and of a pale 
greyish or reddiah-white colour. Their cut surface yields 
a tenacious mucilaginous liquid, in which may be seen 
the cellular elements of the growth. They are most fre- 
quently met with in the later periods of life. Growing 
from the sheaths of nerves, they constitate one variety 
of so-called neuroma. They may also grow from the 
placenta, constituting the " uterine hydatids." When 
situated in superficial parts they may become peduncu- 
lated. In the submucous tissue of the nose they consti- 
tute one form of nasal polypus. 

Clinical Characters. — Clinically the myxomata are 
for the most part benign growths. If completely removed 
they rarely recur. Sometimes, however, they exhibit 
malignant characters, and recur locally after removal. 
They probably never reproduce themselves in internal 
organs. In speaking of their malignancy their occasional 
association with sarcoma must be borne in mind. 



CHAPTER XVIII. 

THE LYMPHOMATA. 

The Lymphomata are new formations consisting of lym- 
phatic, or as it is sometimes called, adenoid tissne (the 
•• adenoid tissue " of His). Lymphatic tissue is the 
tissue composing the follicles of the lymphatic glands 
and the Malpighian corpuscles of the spleen, and existing 
in many other parts belonging to the lymphatic system. 
This tissue is now known to have a much more general 
distribution than was formerly supposed; it not only 
constitutes the follicles of the lymphatic glands and the 
Malpighian corpuscles of the spleen, but also Peyer's 
glands and the solitary glands of the intestine, the fol- 
licles of the pharynx and tonsils, the thymus gland, and 
the trachoma glands of the conjunctiva. Recently it has 
also been found to exist in many other situations, as 
around the blood-vessels of the pia mater and of other 
parts, in the neighbourhood of the smallest bronchi, in 
the pleura immediately beneath its endothelium, in the 
peritoneum, in the mucous membrane of the alimentary 
canal, and in the medulla of bone. 

Stkucture. — Lymphatic tissue, wherever it exists, pos- 
sesses the same general structure, and the follicle of a 
lymphatic gland may be taken as the type not only of 
the physiological tissue but also of the pathological 
growths. 

This tissue consists essentially of a delicate reticulum, 
within the meshes of which are contained numerous 
lymphatic elements — the so-called lymph-corpuscles. The 
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reticalnm ia made up of very fine fibrils which form a 
close network, the meahes of which are only safficiently 
lai^e to enclose a few, or even a single corpuscle, in each. 
The fihrila usually present a more or less homogeneous 
appearance, and nuclei are sometimes to be distinguished at 
the angles of the network. (Pig- 37.) The Ijinphatic cells, 
or lymph- corpuscles, which constitnte the greater part of 
the tisane, can in most cases be readily removed from the 
meshea of the reticnlnm by the a^tation of thin sections 
in water. They are identical in their characters with the 

Fio. 37. 




LyH^homa. — A thin eection of a lymphomBtous 
tamour of the mediBBtinum. from which most of 
the cells have been removed b; pencilling. Show- 
ing the reticulated network, and the nuclei in its 
angles. This network is much coarser than that 
uauaUy met with. >• 200. 

white cells of the blood. As usually seen aft«r death, 
they are spheroidal, pale, semi-transparent bodies, varying 
considerably in size, and also presenting slight differences 
in their structure. Some are granular, and appear to 
possess no nucleus ; in others, a distinct, simple, or com- 
pound nuclens is visible, which is usually also granular ; 
oUiers again are much larger, and contain two or even 
three nuclei. (Fig. 38.) 

The hiatological characters of the lymphomata, how- 
ever, vary oonaiderably, according to the rapidity of their 
development. In the rapidly growing forms the propor- 
tion of cells is very great, and many of thetie are lai^r 
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than thoae normally met with in lymphatic glandB, con- 
taining two, or even more, nuclei. The more alowly grow- 
ing tnmonre, on the other hand, are less richly cellnlar, 
and the reticulum coiutitates a, more prominent part of 
the growth. (Fig. 39.) Id these the larger cell-forms also 
are almost entirely wanting ; and the reticulom, inst«ad 
Fw. 38, 
*49 #» 



Ctllt fivm a tyrnpftaiit Oroath in the Iavw. 
Thoaa to the left are the ordinarj lymph- 
corpnBclee which constituted the greater part 
of the growth. To the right sre some of^the 
larger elements. > S50. 

of being eiceedmglj delicate, is much coarser, and forms 
a network of broad homogeneous or slightly fihrillated 
bands. Ah the reticulum increases the lymph corpuscles 
gradually diminish in number and become arranged in 
smaller groups within its meshes. (See Fig. 39.) These 
variations in the proportion of cells and stroma are pre- 




Lymjibo'ina. — Seotioti of a firm lymphoma of 
the m^iastinnm. Showiog a ver; thickened 
reticDlum, within Che meshes of which the 
Ipnphoid cells are grouped, x 200. 

cisely analogous to those met with in lymphatic glands 
S8 the result of acute and chronJc inflammation. (See 
"Inflammation of Lymphatic Structures.") 
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Development.— The Ijmphomata originate for the most 
part from lymphatic tissue, being simply overgrowths of 
pre-existing lymphatic stmctures — mainly ©f the lym- 
phatic glands. They are, therefore, usually homologous. 
They may, however, be heterologous, either owing to the 
new tissue extending considerably beyond the confines of 
the old, or to it^ growth in situations where it is normally 
almost entirely wanting. This latter condition obtains 
in Hodgkin's diseases and in certain forms of lymphoma 
which are malignant. 

In considering the development of these growths it 
must be borne in mind that enlargements of lymphatic 
structures are most frequently of an inflammatory nature, 
being due to some injury; and histologically, as already 
indicated, there is but little difference between these in- 
flammatory growths and lymphomatous tumours. The 
inflammatory growths, however, tend to subside, the 
tumours continuously to increase. Further, the develop- 
ment of the tumours may, like ihat of the inflammatory 
growths, be determined by some injury, the injury pro- 
ducing perhaps some inflammation and enlargement of 
the gland, but this instead of subsiding continues more 
or less rapidly to increase. (See "Etiology of Tumours.") 

Secondary Changes. — The lymphomata do not un- 
dergo marked retrograde changes. There is no fatty de- 
generation, caseation, or softening, such as occurs in 
scrofulous glands. 

Physical Characters, &c. — The physical characters of 
the lymphomata vary according to the rapidity of their 
growth. The rapidly-growing forms, in which the cel- 
lular elements are so numerous, are of a greyish- white 
colour and soft brain-like consistence, much resembling 
encephaloid cancer. These often attain an enormous size, 
and infiltrate the neighbouring structures. They have 
been called by Virchow lympho-sarcoma. Those which 
are more slowly developed, and in which the reticulum 
constitutes the greater portion of the growth, are much 
harder in consistence, sometimes being almost carti- 
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laginous. These Harder growths rarely attain a large 
size. 

GuNiCAii Ohabactebs. — Clinically, the lymphomata 
are, for the most part, perfectly innocent tumours. They . 
originate most frequently in the lymphatic glands, the 
gland undergoing a continuous increase in size. Some- 
times, as already stated, the enlargement of the glands 
appears in the first place to be of an inflammatory nature 
and to result from some irritation, but upon this being 
removed the glands, instead of subsiding, continue to 
increase. In most cases, however, no such source of 
irritation is discoverable. The glands which are especially 
prone to this disease, are the cervical, the submaxiLlary, 
the axillary, the inguinal, the bronchial and mediastinal, 
and the abdominal glands. Usually only a single gland, 
or a single group of glands, is affected ; sometimes, how- 
ever, the growth is more general. As the glands enlarge, 
they gradually unite, so that ultimately they may form 
very large lobulated tumours. When occurring in the 
mediastinum they may invade one or both lungs, and 
they constitute here the most common form of mediastinal 
tumour (so-called "Thoracic Cancer"). The lymphatic 
structures in the intestine may in the same way become 
enlarged, and project, so as to form polypi. 

The lymphomata occasionally, however, exhibit malig- 
nant properties. This is especially the case in those 
richly cellular, soft, rapidly-growing forms which arc 
sometimes met with. Such growths may rapidly infil- 
trate the surrounding structures, involve the neighbouring 
lymphatic glands, and even infect distant parts. To ^ 

these malignant forms the term Vymphadenoma is some- 
times applied. They correspond with Yirchow's lympho- 
sarcoma. « 

In the condition known as " Hodgkin's Disease," and 
in Leukaemia, lymphomatous growths are met with in 
yarious parts of the body. 



146 NUTRITION INCEEASED. 



hodgkin's disease. 



This disease is characterised by the enlargment o{ the 
lymphatic glands in varions parts of the body, together 
with the development of lymphatic growths in internal 
organs, especially in the spleen; by a diminution in 
the number of red corpuscles in the blood; and by 
progressive anssmia. The new growths are precisely 
similar, histologically, to lymphoma. The disease was 
formerly described by Hodgkin, Bright, Wilks, and 
Trousseau, and is called, after the first-named of these 
observers, " Hodgkin's Disease." Trousseau designated 
it " Ad^nie." It is also known as " Anaemia Lymphatica." 
It is allied to leuksamia, but differs essentially from it in 
this respect, that the new formation of lymphatic tissue 
is not associated with any notable increase in the 
number of the white corpuscles in the blood. (See 
" Leukssmia.") 

The lymphatic glands are usually the earliest seats of 
the new growth. At first only a single group of glands 
may be enlarged ; subsequently, however, the process 
becomes more general, and the glands throughout the 
whole body may be more or less involved. The groups 
of glands most frequently affected, in the order of their 
frequency, are the cervical, the axillary, the inguinal, the 
retro-peritoneal, the bronchial, the mediastinal, and the 
mesenteric. The new growth, which in the earlier stages 
is limited to the glands, gradually breaks through the 
capsules so that the enlarged glands become confluent, 
and form large lobulated masses. The growth may also 
extend still further beyond the confines of the gland and 
invade and infiltrate the adjacent structures. 

This new growth of lymphatic tissue, which commences 
in and often extends beyond the confines of the Ijrmphatic 
glands, is ultimately followed by the formation of lym- 
phatic growths in various internal organs, but more es- 
pecially in the spleen. The spleen is affected in a large 
proportion of cases. Here the new growlh originates in 
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the MaJpighian bodies, and so gives rise to disseminated 
uodxdes. These vary in size from minnte points to 
moisses as large as a hazel-nnt or wahiut. They are 
TLsnally more or less irregular in shape, of a greyish or 
yellowish- white colour, firmer in consistence than the 
splenic tissue, and not encapsuled. In addition to these, 
'wedge-shaped infarctions surrounded by a zone of 
hyperaemia are sometimes met with, similar to those 
which are often seen in leukaemia. The spleen itself is 
increased in size, although rarely very considerably so ; 
and its capsule is usually thickened, and often adherent 
to adjacent organs. In quite exceptional cases the 
spleen is not the seat of these disseminated growths, 
but is simply uniformly enlarged, like the leuksemic 
spleen. 

The liver, kidneys, alimentary canal, medulla of bone, 
lungs, and subcutaneous tissue may all become involved, 
tlie new growths occurring either as nodales of various 
sizes scattered through the organs, or in a more in- 
filtrated form, like many of those met with in leukaemia. 

Histologically, the new growths are precisely similar 
to the lymphomata, and like these present differences in 
the relative proportions of cells and stroma, the richly 
cellular forms being soft and pulpy, whilst those in 
which the stroma is more abundant are firmer and more 
fibrous in consistence. Retrogressive changes rarely 
occur. 

With regard to the pathology of the disease, it is un- 
doubtedly obscure. The development of the new growths 
cannot in most cases be regarded as the result of infec- 
tion from a primary centre, as the process is, for the 
most part, confined to the lymphatic structures, and 
many and widely distant groups of glands are often 
simultaneously involved. The disease thus appears to 
occupy a different pathological position to that of the 
malignant tumours. It is probable that there is some 
special weakness of the lymphatic structures generally 
which renders them prone to undergo these active de- 

l2 
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yelopmental changes, the process being determined hy 
some oonstitntional state or by some local injury of the 
glands. The progresive anaemia which accompanies, but 
does not precede, the gland affection, is dne to the pro- 
gressive implication of the lymphatic stmctares and to 
the consequent interference with the formation of the 
blood-corpuscles. 

LEIJlLfiMIA. 

In leuksBmia, as in Hodgldn's disease, there is nsnally 
a development of lymphomatous tissue in various organs. 
The disease, however, is characterised by the large in- 
crease in the number of the white corpuscles in the blood, 
and in the majority of cases by enlargement of the spleen. 
It is this alteration in the blood which gives leukaemia 
its distinctive characters — hence its name. The disease 
will be considered subsequently, when treating of 
" Diseases of the Blood." 



CHAPTER XIX. 

THE MYOMATA, NEUROMATA, AND ANGIOMATA. 

THE MYOMATA. 

The myomata are tumours consisting of muscular tissue. 
A new formation of muscle has been already described 
SL8 being frequently associated with the ordinary process 
of hypertrophy, both of striated and of non-striated 
muscle — a simple hyperplasia of the elements of the 
muscle accompanying the increase in their size. (See 
" Hypertrophy.") 

Structure. — ^The myomata consist either of striated or 
of non-striated muscle. The former are exceedingly rare, 
only two or three examples having been recorded, and 
these were congenital. 

The myomata of non-striated muscle consist, like the 
physiological tissue, of elongated spindle-cells with rod- 
shaped nuclei, more or less isolated or grouped into fas- 
ciculi of various sizes, with a varying quantity of con- 
nective tissue. The connective tissue is often exceedingly 
abundant, especially in old tumours, so much so, that 
these growths in the uterus — ^where they most frequently 
occur — ^have commonly been known as "^6roid" tumours. 
The muscular elements either present a more or less 
regular arrangement, or pass in all directions through 
the tumour. The blood-vessels, which are usually not 
numerous, are distributed in the connective tissue. 

Development. — Striated myoma appears to originate 
in the urino-genital organs, and to be usually congenital 
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The much more common non-striated growths probably 
always originate from muscle. These may form dis- 
tinctly circumscribed tumours surrounded by a fibrous 
capsule, or constitute ill-defined irregular masses in the 
midst of the muscular tissue in which they grow. They 
not infrequently become pedunculated and form polypi, 
especially in the uterus. 

Second AET Changes. — Of these, the most frequent is 
calcification. Biemorrhage, mucoid softening, and the 
formation of cysts, are also occasionally met with. 

Non-striated myomata are most frequently met with 
in the uterus. They may also occur in the prostate, in 
the oesophagus, and in the stomach and intestines. 

Myoma of Utertis, — The uterus is by far the most fre- 
quent seat of myomata, and here they constitute the so- 
called " uterine fibroid." In most of these muscular 
tumours of the uterus tiiere is a large proportion of 
connective tissue — hence the term "fibroid." This is 
especially the case in older growths. Those newly deve- 
loped, however, consist almost entirely of true muscular 
tissue. They either form firm hard masses, imbedded in 
the uterine walls, or project into the uterine or abdominal 
cavities. When projecting into the uterus they consti- 
tute a common form of uterine polypus. These tumours 
are often multiple. Their growth is slow. The older 
ones are liable to become calcified. They also sometimes 
undergo mucoid softening, which gives rise to the forma- 
tion of cysts in the tumour. 

Clinical Chabacteks. — Clinically, the myomata are 
perfectly innocent. 

THE NEUROMATA. 

The neuromata are tumours consisting almost entirely 
of nerve-tissue. The term " neuroma" has been applied 
to many growths found in connection with nerves : — 
fibrous, myxomatous, and gummy tumours growing with- 
in the nerve-sheath have been included under this head. 
True neuroma, however, is rarely met with, and is 
amongst the least frequent of all the new formations. 
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Structure. — The neuromata most commonly consist 
of ordinary medullated nerve-fibres ; they therefore re* 
semble in structure the oerebro-spinal nerves, from which 
they most frequently grow. The nerve-fibres are asso- 
ciated with more or less connective tissue. Virchow has 
also described, as exceedingly rare formations, tumours 
composed of non-medullated fibres, and of ganglionic 
nerve-tissue. 

Development. — ^The neuromata always originate from 
pre-existing nerve-tissue, — either from the cranial or from 
the spinal nerves. Their growth is slow, they rarely 
attain a large size, but usually exist as small single 
nodules. 

The most frequent seat of these growths is the extre- 
mities of divided nerves, where they are sometimes found 
after amputations. They exist, in this situation, as 
spherical or elongated enlargements of the divided 
extremity of the nerve ; and they are usually intimately 
connected with the cicatricial tissue of the stump, from 
which they can only with difficulty be isolated. They may 
also occur in the course of the nerves in any situation, 
either as single or multiple nodules. 

Clinical OHARiCTERS. — Clinically, the neuromata are 
perfectly innocent tumours. They often cause consider* 
able pain. 

THE AN6I0MATA. 

The angiomata, or vascular tumours, are tumours con* 
sisting of blood-vessels held together by a small amount 
of connective tissue. They include the various forms of 
nsBvi, the erectile tumours, and aneurism by anastomosis. 
They may be divided into two classes — the svmple angio- 
mata, in which the new vessels resemble normal arteries, 
veins, or capillaries ; and the cavernous angiomata, in 
which the blood circulates in a cavernous structure similar 
to that of the corpus cavernosum penis. 

Simple ^Angiomata. — These include the various forms 
of naevi, and telangiectasis. They consist of tortuous and 
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dilated blood-yessels, held together by a small quantity 
of connective and adipose tissue. The vessels are most 
of them of new formation ; some, however, may be the 
original vessels of the part which have become consider- 
ably enlarged, lliey most commonly partake of the 
nature of capillaries, but in other cases the arterial or 
venous characters predominate. These growths are 
usually small, superficial, slightly elevated masses ; 
although they sometimes form larger tumours. Their 
colour is red, violet, or purple, according to the character 
of the blood which they contain. The first-named is 
much the most frequent. 

Cavekngus Angiomata. — These include the venous 
vascular tumours, erectile tumours, and aneurism by 
anastomosis. They consist of an erectile cavernous 
tissue, closely resembling that of the corpus cavemosum 
penis. The growth is made up of irregular fibrous 
alveoli, which communicate freely with one another, and 
are lined with an endothelium similar to that of the veins. 
These spaces are distended with blood, usually venous, 
which is supplied to them by numerous tortuous vessels, 
and circulates in them with varying degrees of rapidity. 
These growths are commonly of a bluish colour. They 
may be diffuse, or form distinctly circumscribed tumours. 
They often exhibit distinct pulsation. Their favourite 
seat is the skin and subcutaneous tissue. They may 
also occur in the orbit, in muscle, and in the liver, spleen, 
and kidneys. 



CHAPTER XX. 

THE PAPILLOUATA. 

Tax Fnpillomata are new formatioiis reaembling in stme- 
tare ordinary papillge, and like these thej grow from 
cntajieons, macoas, or serons Hnrfacea. 

FlQ. 40. 




PBptUoma. — BbawiDg > siDgle enlarged papilli. (BiDdSeiscb.) 

StSTTCTURE. — Thej coniiat of a basis of oft«Q ricUj 
cellular, connectire tisBDe, Bopporting blood-vesMU, wluch 
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terminate in a capillary network or in a single capillary 
loop, the whole being enveloped in a covering of epithe- 
lium (Fig. 40). The epithelial covering varies in charac- 
ter in different growths. In those of the skin, it is often 
very abundant, and the superficial layers are hard and 
stratified, forming a dense firm covering. In those 
originating from macons surfaces, the epithelium forms 
a thinner investment, and is of a much softer consistence ; 
whilst in those growing from serous membranes it often 
constitutes only a single layer. 

The growth may be simple — consisting merely of en- 
larged papillaa, as in a common wart ; or it may be more 
complex, the papillae being very numerous, and giving off 
secondary and tertiary offsets. If the investing epithe- 
lium be very abundant, it may so enclose the whole 
mass as to give to it a more or less regular outline. 
More commonly, however, this is not the case, and the 
epithelium not being sufficient to fill up the spaces 
between the papillaa, the growth presents a branched, 
villous, or caidiflower appearance. The blood-vessels are 
often very numerous, and are sometimes dilated and 
tortuous. 

Development. — ^The papillomata always originate from 
the skin, from mucous, or from serous membranes ; and, 
as already stated, they usually owe their origin to some 
irritation, and must be regarded as occupying an inter- 
mediate position between inflammatory growths and 
tumours. They most frequently grow from pre-existing 
papilke ; sometimes, however, they occur where no papills 
exist, springing directly from the sub-epithelial connective 
tissue r-^this is the case in the stomach and larynx. Their 
growth is usually slow. The individual tumours rarely 
attain a very large size, the larger forms being for the 
most part constituted of several smaller growths. 

Secondary Changes. — Of these, ulceration and haemor- 
rhage are the most frequent. They occur especially in 
those growths which originate from mucous surfaces. 
The haemorrhage is often very abundant, and may even 
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endanger life. This is not nnfreqnently the case in the 
papillary growths of the bladder and intestine. 

Vabieties. — The varieties of papillary tumours depend 
principally upon their seat. Those growing from the 
skin include warts and homy growths. Warts are firm, 
have a dense epithelial covering, and are less prone to 
alceration and hssmorrhage than those growing upon 
other parts. Homy growths appear usually to originate 
in the sebaceous follicles, by a continuous proliferation of 
their epithelium. The epithelium, together with the 
sebaceous secretion, forms a projecting horn, which 
increases by growth at its base. Such formations hardly 
come within the definition of papilloma. Larger and 
more vascular papillary tumours may, however, occur on 
cutaneous surfaces — such are the condylomata and vene- 
real warts met with around the anus and upon the 
external male and female genital organs as the result of 
irritating secretions. 

The papillomata of mucous membranes are softer and 
more vascular than the preceding, they have a less dense 
epithelial covering, and are more prone to ulceration and 
bsmorrhage. Many of them come within the category 
of mucous polypi. They are met with on the tongue, in 
the larynx and nose, on the gastro-intestinal mucous 
membrane, on the cervix uteri, and in the bladder. In 
the bladder and intestine they are often exceedingly 
vascular, and give rise to profuse haamorrhage. Here 
they are not nnfreqnently confounded with villous epi- 
thelioma. 

Papillomata of serous membranes never form distinct 
tumours. They are met with most frequently as small 
outgrowths from the synovial membrane in chronic 
diseases of joints. 

CuNiCAL Characters.— Clinically, the papillomata are 
innocent growths. They may, however, prove fatal from 
continuous ulceration and hssmorrhage : this is especially 
the case, as already mentioned, in papillomata of the 
bladder and intestine. In these situations they are easily 
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mistaken for epithelioma ; the symptoms of both are very 
similar, and it is often only after death that they can be 
distingnished. In the papillomata the epithelium is 
homologous, being situated only upon the atirface of the 
papillsB, and in no case growing vyithin their connective 
tissae basis. In the epitheliomata, on the other hand, 
it is heterologous, and it is met with at the base of the 
tumour in the subjacent connective tissue. (See Fig. 61.) 
It is important to remember that a growth which is 
primarily a simple papilloma may subsequently become 
an epithelioma. (See " Epithelioma.") 



CHAPTER XXL 

THE ADENOMATA. 



The Adenomata — or, as they are more commonlj' called, 

glandular tumowe — are new formatioua of gland-tissne. 




Adenima if Uamma. ■ 200, reduced |. 

SiMJcniBE. — In Btmctiire the adenomata resemble tlie 
racemose or tubular glands. 
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The racemose adenomata consist of nnmerons small 
saccnles or acini, lined with small epithelial cells, which 
are often two or three layers deep. The acini commnni- 
cate with each other, and are gronped together, being 
merely separated by connective tissue, in which are con- 
tained the blood-vessels. The connective tissue varies in 
amount. It may resemble the normal tissue, or if 
growing rapidly it will be much more richly cellular. It 
sometimes contains spindle elements. The structure of 
these tumours is well shown in the accompanying drawing^ 
made from a specimen kindly lent to me by Mr. Cantlie. 
(Fig. 41.) 

Many new growths, however, contain a large amount 
of this gland-tissue which are not strictly adenomata. 
All growths originating in glandular organs may be asso- 
ciated with more or less glandular structure. In the 
mamma, for example, sarcoma, myozma, and other forms 
of tumour, are often so intermingled with the gland- 
tissue of the organ that it becomes difficult to say which 
is the predominant structure. In many cases it is evident 
that the development of such tumours is accompanied 
by an increase of the gland-tissue amongst which they 
grow. Thus are produced mixed forms — adeno-fibroma, 
adeno-ea/rcoma, adeno-myxoma, &c. 

The tubular adenomata grow from mucous membranes, 
and consist of groups of tubules lined with epithelium. 
They will be again alluded to hereafter. 

Development. — The adenomata always originate from 
pre-existing gland-structures, of which they are simply 
local hyperplasias. Their growth, which is usually slow, 
takes places by the development of diverticula from the 
saccules or tubules of the gland, and by a proliferation 
of the enclosed epithelium. The new growth may remain 
in intimate relation with the adjacent gland, or it may 
ultimately become separated from it by a fibrous capsule. 

Secondary Changes. — The most frequent of these is 
^atty degeneration of the epithelium, which may give rise 

the formation of small caseous masses in the growth. 
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Dilatation of the saccules and tubules so as to form cysts, 
and mucoid softening, are also common. 

Vabeeties. — Adenoma of Mamma* — The mamma is 
mncli the most common seat of adenoma. Here two 
varieties must be distinguished — one, in which there is 
a p^eneral hyperplasia of the whole gland ; the other, in 
whicli the process is limited to smaller or larger groups 
of lobules. The former constitutes hypertrophy of the 
mamma, the latter is the chronic mamhmary or adenoid 
tumour. Pure adenoma of the mamma, however, is not 
common. (See Fig. 41.) Many tumours in this situation 
described as adenomata are fibrous, sarcomatous, or 
myxomatous growths in which is contained a varying 
amount of gland-tissue. The distinction between such 
growths and pure adenoma is often difficult. The adeno- 
mata are either superficially or deeply seated in the 
gland, from which they are usually separated by a loose 
fibrous capsule. They are commonly round or oval in 
shape, lobular, and of a hard elastic consistence. On 
section they often present a lobnlated appearance, their 
racemose structure being sometimes visible to the naked 
eye. 

AdenO'Fihroma and AdenoSa/rcoma ofMarmna, — ^These 
are more common than pure adenoma. In them the con- 
nective tissue between the acini of the gland undergoes 
active changes, and forms a fibro-cellular, spindle-celled, 
or round-celled structure, amongst which the acini are 
embedded. (Fig. 42.) In many cases it is difficult to 
determine whether the glandular structure is really in- 
creased in amount, whilst in others it is so abundant 
that such is evidently the case. These tumours form 
lobulated masses of a firm consistence. They grow 
slowly, and rarely ulcerate. In most cases they contain 
cysts. Many of these are lined with cylindrical epithe- 
lium and are formed by the dilatation of the ducts of 
the gland; others appear to originate from localised 
softenings of the tissue. These cysts" are usually very 
numerous, and they often attain a large size. They are 



CHAPTER XXII. 

THE SARCOMATA. 

TuE sarcomata are tumours consisting of embryonic con- 
nective tissue. Of these there are several varieties, 
ilf^pending upon the size and configuration of the cells, 
and the nature of the intercellular substance. Thej in- 
clude what have generally been known in this country as 
jihro-plastiCf fibro-nucleatedf recvrrent-fibi'oid, and myeloid 
tumours. Many growths formerly described as " cancers" 
also belong to this class of new formations. 

Connective tissue in its embryonic condition is an im- 
mature tissue in a state of rapid development. In its 
most immature state it differs from the fully developed 
tissue in consisting almost entirely of small round cells, 
whilst its intercellular substance, instead of being fibrous. 
is soft and amorphous. This is the common condition of 
connective tissue in the primary stages of all rapid for- 
mative processes, as already described when speaking of 
it as the tissue from which many tumours of the con- 
nective-tisaue class originate (see "Development of 
Tumours"). 

In the process of development of this embryonic into 
mature connective tissue, the cells diminish in number, 
many of them assume a spindle shape, and the inter- 
cellular substance fibrillates. Similar changes are seen 
in inflammatory conditions of connective tissue. Here 
also many of the small round cells which constitute the 
" granulation tissue" become spindle cells, and the granu- 
lation tissue ultimately develops into the fibrous tissue of 
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the cicatrix. In the sarcomata, however, the connective 
tissue retains the embryonic state throughout its growth, 
there is a progressive formation of embryonic tissue ; and 
althoug^h the process of development may occasionally 
proceed in certain parts of the tumour to the formation 
of a more highly developed structure, as fibrous tissue, 
cartilage, or bone, so that a mixed form of tumour is 
produced, it usually ceases at the embryonic stage. 

Stktjctore. — The sarcomata may thus be defined as 
tumours consisting of connective tissue which throughout 
its growth retains the embryonic type. The cells, which 
constitute nearly the whole of the growth, consist for the 
most part of masses of nucleated protoplasm, and rarely 
possess a limiting membrane. They present many varia- 
tions in size and form ; as a rule, however, they preserve 
the same general characters in the same tumour. There 
are three principal varieties — the round, the fusiform, 
and the myeloid cells. 

The round cells are many of them indistinguishable 
from lymph-cells or white blood-corpuscles. Others are 
somewhat larger and contain an 
indistinct nucleus with one or 
more bright nucleoli : these 
more closely resemble the cells 
of a granulation. 

The fusiform,OT spindle-shaped 
cells are the so-called "fibro- 
plastic ceUs." (Fig. 43.) They are 
long narrow cells, terminating at 
each end in a fine prolongation. 
Some of them may be broader, 
approaching the epithelial type ; 
others more or less stellate. 
They are sometimes slightly 
granular, and they enclose a 
long oval nucleus, with or without nucleoli. In size they 
vary considerably. These cells represent a higher state of 
development than thd round cells, resembling those met 

k2 



Fig, 43. 




Celb from a Spindle-celled 
Sarcoma, x 350. 
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with in' embryonic tissue which is in the process of 
forming matnre connective tissue. (See Fig. 97, b.) 

The Twyeloid, or mother cells, are much larger than 
either of the preceding, and are analogous to the cells 
met with in the medulla of foetal bone. (See Fig. 51.) 
They are large irregular-shaped masses of nucleated pro- 
tophism, for the most part more or less spherical, and 
often possessing numerous offshoots. . They are finely 
granular, and contain several round or roundly-oval 
nuclei, each with one or more bright nucleolL The nuclei 
may be exceedingly numerous, one ceU containing as 
many as thirty. Both the cells and nuclei vary con- 
siderably in size. 

An iTitercellular substance exists in all the sarcomata, 
although it is usually small in quantity, the cells lying 
in nearly close apposition. It may be perfectly fluid 
ai\d homogeneous, or firmer and granular, or more or 
less fibrillated. Chemically it yields albumen, gelatin, 
or mucin. 

The blood-vessels are. usually very numerous, and are 
either in direct contact with the cells, or separated from 
them by a little fibrillated tissue. Their distribution is 
very irregular, and their walls often consist of embryonic 
tissue similar to that of the growth which they supply ; 
hence the frequency with which rupture and extravasa- 
tion of blood take place. 

Development. — The sarcomata always originate from 
connective tissue — either from the subcutaneous, the sub- 
mucous, or the subserous tissues, the fascise, the con- 
nective tissue of organs, the periosteum, or the medullary 
tissue of bones. Their growth is usually diffuse; they 
increase by the continuous invasion of their connective- 
tissue matrix, so that no line of demarcation exists be- 
tween the two. They frequently also invade other 
tissues, the elements of the growth extending for some 
distance into the surrounding structures. This infiltra- 
ting tendency of tho sarcomata varies considerably in 
the different varieties, being much more marked in the 
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round-celled than in the spindle-celled and myeloid 
f^rowtlis. A circumscribed growth is less common. A 
sarcomatoas tnmonr, however, often becomes encapsnled, 
and ^owth takes place within the capsule ; but even in 
this case the capsule is sometimes merely that of the 
part within which the growth originates, as the perios- 
tenm, or the capsule of a lymphatic gland. 

SscoNDART Changes. — The most important of these is 
fatty degeneration. This always occurs to a greater or 
less e stent in the older portions of the growth, causing 
softening, or the production of cyst- like cavities. It is 
freqnently associated with destruction of the blood- 
vessels and haemorrhage : the latter may give rise to the 
formation of sanguineous cysts. (See "Blood-Cysts.") 
Calcification, ossification, and mucoid degeneration are 
less common. The occurence of calcification, ossification, 
and pigmentation is influenced by the predisposition* of 
the matrix from which the growth is produced : — thus, 
calcification and ossification are more prone to occur in 
tumours originating in connection with botie, pigmenta-. 
tion in those originating from the cutis or eyeball. 

Vaeieties. — Although all the sarcomata possess the 
same general characters, they present many histological 
and clinical differences which may serve as bases for 
their classification. The occurrence of various secondary 
changes — pigmentation, mucoid degeneration, and the 
formation of cysts, impart their respective characters to 
the growth; hence melanotic" sarcoma and cystic-aarcoma, 
have been described as distinct varieties. This is to a 
certain extent justifiable, inasmuch as sarcomata which 
have undergone these transformations, in many cases 
possess the property of reproducing the same characters 
when they occur secondarily in other parts. Then, again, 
as already stated, sarcomatous tumours, are sometimes 
complex in their structure, and are associated with other 
tissues belonging to the connective-tissue group. A com- 
bination of sarcoma with fatty, cartilaginous, osseous, 
and mucous tissue, is thus not uncommonly met with. 
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This is owing to the embryonic tissne exhibiting^ a ten- 
dency to develop into the di^erent varieties of connective 
tissne. (See "The Tamonrs.") The mixed forms— 
ehrondro-sarcoma, osteosarcoma, myxo-earcoTna, &c-, are 
thns produced. The following histological classification, 
based upon the three different forms of cells ahready 
described, is the one generally adopted. It must, how- 
ever, be borne in mind, that all the varieties of cells may 
be fonnd in the same tnmonr, although the majority 
are nsnally of the same type ; hence, the majority will 
determine the class to which the growth belongs. 

SPINDLE-CELLED SARCOMA. 

These tnmonrs, which include the growths described 
by Paget in this country as " fibro-plastic," and " recur- 
rent fibroid," are the most common of all the sarcomata. 
They consist mainly of spindle-shaped and fusiform cells 
lying nearly in close contact, with a little homogeneous 
or slightly fibrillated intercellular substance. The cells, 
which contain well marked oval nuclei, with one or more 
nucleoli, are pairallel to one another, and are arranged in 
bundles which pass in all directions through the growth, 
often giving to it a somewhat fibrous appearance. In 
-those portions of the section in which the bundles of 

spindle-elements have been cut 
transversely, they present the ap- 
pearance of round cells. The cells 
vary con siderably in size in different 
tumours, henCe the division into 
small and large spindle-celled 
growths. 

Small Spindle-celled Sarcoma,— 
Small spincUe-ceUed Sar- In these the cellular elements are 
c(m^— From » ^J^^"^ small, often not more than y^th 
^^* ^ * inch in length, and the intercellular 

substance is occasionally imperfectly fibrillated. (Fig. 44.) 
These growths approach therefore the confines of the 
fibromata, and histologically they must be regarded as 
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occupying an intermediate place between embryonic and 
fullj-developed connective tiBBue. They grow from the 
perioateum, the fasoite, and from connective tissue in 
other parts. They are nsually tolerably firm in con- 
sistence, of a whitiali or pinkish -white colour, and for 
the moat part present, on section, a. translucent somewhat 
tibrillated appearance. They are often encapsuled, much 
more frequently so than the other varieties of sarcoma, 
bat they are very liable to infiltrate the surrounding 
atrncturea and to lecnr locally afl«r removal. 

Large byindle celled Sareonta —The cellular element^ 
in these tumoms are much larger than in the preceding. 
Fio « 



//5^'<,*Tf|II 




Large Spindle-eeUtd SBrcoma. To the Irift— tliB cplls 
hiive beeu n.'parated by ttaslog, BO thRt their individual 
fiimiB sre apparent: to the riKht^they ure in their 
uatural stale of appoBition, aurli as would bo seBD ia a 

Tbe cells are plumper, and the nuclei and nucleoli are 
eapecially prominent, and frequently multiple. (Fig. 4.0.) 
The intercellular BubBtano is more scanty, and there is a 
complete absence of any fibrillation. These growths are 
much softer in consistence than the small-celled variety. 
They are of a pinkish-white colour, and are often stained 
by eitravasationa of blood, and aometimes in parts are 
almost diffluent from eitenaive tatty degeneration. They 
grow rapidly, and are nsnally eiceedingly malignant. 
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Melanotic Sabcoma. — This is a variety of sarcoma in 
which many of the cells contain granules of dark-coloured 
pigment. By far the greater number of melanotic tumours 
are sarcomata, and most of the girowths which were for- 
merly described as " melanotic cancers," belong in reality 
to this class of new formations. Not only are these 
melanotic tumours most frequently sarcomata, but the 
majority of them consist mainly of spindle-shaped cells — 
hence they are described in the present section. 

The melanotic sarcomata originate principally in two 
situations — in the choroid coat of the eye, and in the 
superficial integuments. In both of these situations 
pigment is a normal constituent of the tissues, and this 
tendency of structures normally containing pigment to 
originate melanotic growijis, is exceedingly characteristic. 
(See "Pigmentary Degeneration.") These tumours 
usually consist of spindle-shaped cells, although in some 
cases the prevailing type of their elements is round or 
oval. (Fig. 46.) The pigment, which gives to them their 
distinctive characters, consists of granules of a brownish 
or dark sepia colour, which are distributed within the 
cells. (Fig. 46, c.) Frequently, only a very small pro- 
portion of the cells are pigmented, whilst in. other tumours 
the pigmentation is much more universal ; in all cases, 
however, a large number of the elements will be found to 
be quite free from pigment. 

These melanotic tumours are amongst the most malig- 
nant of the sarcomatous growths. Although they have 
comparatively but little tendency to extend locally, they 
are disseminated by means of the blood-vessels, and occa- 
sionally also by the lymphatics, and thus reproduce them- 
sehes often very rapidly in distant tissues. In doing 
so, although they almost invariably maintain their mela- 
notic characters, the degree of the pigmentation of the 
secondary tumours varies considerably. Whilst many of 
them may be perfectly black in colour, others may be 
much paler, and perhaps only partially streaked with 
'^rnent. The secondary growths are soft, usually dis- 
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tinctly circtimacribed, and ofbeo enoapanled. They may 
occur in almoet every organ of the body — the liver, the 
spleen, the kidneys, the InogB, the heart, the hrain and 
Hpiaal cord, aud also the lymphatic glands and sub- 
cutaaeom tisnae, may all be simnltoneoosly inTolvcd. 




A Jltlanalic Sorcoma of the Penlt. 



A.— A thin a 

thee 
B.— A srclioi 



'n>in tbe peripliera] part of the growth^ 
gnowing the " ladiffereut cells," amnagst whicli 
are small iBoUled pigmeoted elemcnW. At a, a 
blood-vessel is seen, x 2IH). 
C. — Some of the elements separated by Uasing. Id these 
the pigment- granuleB are weU seen, x 4U0. 

I have observed, that when occurring in internal oi^ans, 
the pigmentation is not always limited to the seoondaty 
nodules, bnt that many of the cells proper to the organ 
itself are filled with grannies of similar pii^ment, which in 
most abundant in those cells which are immediately 
adjatent to the new growth. This pigmentation of thr 
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cella of the organ often extends for some distance beyond 
the confines of the tnmonr. 

Osteoid Sihcoha. — This, which is often known as 
"osteoid cancer," is a variety of earconm (usually of 
spindle-Celled sarcoma) in which the growth is either 
more or less calcified, or has partially become converted 
into true bone. Ah a primary growth it is met with 
almost eielnsively in connection with bone, growing 
either from the periosteum or the mednlla. The osteoid 
characters are nsaally reprodnced in the secondary 
tnraonrs occurring in the Inngs and in other parts. 

Simple calcification is mach more common than troe 
ossification. Here the growth merely becomes infiltrated 
with calcareoas aalts, which may be dissolved oat with 
a little dilute hydrochloric acid, when the characteristic 




OtItiAd Sarcoma. -From a, aecoudary tumour of the Juug. 
Stiowing the calcific4ttioa of A Bpiadle-ceUed growth, &ud 
the formation of broad bauds of calcified iutercellular ma- 
terinl eucIoBiiig apaces which coctAin ruund aud oral cells. 
< 2UII. 

sarcomatons strtictnre becomes revealed. In other cases 
this calcification is associated with the conversion of por- 
tions of the tumour into true, although nsually imperfect, 
bone. When this has occurred, there will be seen 
amongst the spindle-shaped, round, or myeloid elementa, 
tracts of tissue consisting of broad bands of granular 
intercellular material, infiltrated with calcareous salts, 
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enclosing spaces which contaiu spindle, OTal,or roniid cells. 
(Fig. 47.) This strnctnre often mach resembles carti- 
lage. In other parts of the growth, where the change is 
more advanced, m&j he seen lacnnte and even canalicnli 
Bach as are fonnd in trae bone. 

In these osteoid growths it is most important to recog 
uise the existence of the sarcomatous element masmach 
as it is the presence or absence of thie which determines 
the innocent or malignant nature of the growth. Osteoid 
sarroma ronst be carefully distingDished from the simple 
.8 tumonr. 



BOUND-CELLBD S: 

This is of softer consistence F'o W 



than the spindle-celled growths, g' ^^ 

~ndfromitsfreqnentreBembli - . *a 

1 physical characters to e 



andfromitsfreqaentresemblance ^% S^'Vi 



phaloid, it is sometimes known as ^^^^ 

" raednllary," "encephaloid," or ^tSai^ 

" soft " sarcoma. Histologically, i 

it is elemeotary embryonic tissne, 

... . , „ , , , Round-c Hal Sarcoma — 

consisting mainly of the round x thin sectiou of * amail 
cells already described, embedded ronnd-CBlled aarcoma o( the 
in a scanty and nanally soft, *'' " 
homogeneous, or finely granular intercellular substance. 
(Fig. 48.) The cells nsoaliy resemble those met with in 
the moat elementary emhiyonic tissue; less frequently, 
they are larger, and contain large round or oval nuclei, 
with br^fbt nucleoli. There is an almost complete absence 
of fusiform cells, and of the partial fibrillation which is so 
frequent in the more highly developed spindle-celled 

The round-celled sarcomata are of a uniform, soft, 
brain-like consistence, somewhat translncent or opaque, 
and of a greyish or reddiah-white colour. On scraping 
the out surfaoe, they yield a juice which is rich in cells. 
They are exceedingly rascnlar, the vessels often being 
dilated and varicose, and, from their liabilty to rapture, 
they frequently give rise to ecchymoses and to the forma- 



17i KCTRITION INCREASED. 

lion of Hungaineotis cysts. (See " Blood Cysts.") Tber 
f^row from the cntia, the xabciitaneona cellular tiaane, the 
periosteam, the faaciffii and from the connective tissne of 
argaaa. They extend rapidly by peripheral growth, infil- 
trate the snrroDtidiiiK stracturea, reproduce themselveB 
in internal orgau«, and often involve the lymphatic 
glands. From their clinical lind physical characteni, 
these tumours are very liable to be confounded with 
encephaloid cancer : — they are dlstingnished by the 
absi'nce of an alveolar etrorna, and by the uniformitj in 
the character of their cells. 

Glioma. — This is a variety of ronnd-celled earcoma 
(trowing from the neuroglia or connective tissue of nerve. 
It consists of very amall rooud cells, embedded in an 




SnrcomnloKi T'lmoim^/yom the Brain —a A glioma of cfrebellom, 

m.... _._ ... .. __j.^^||y prsBenleil by thfSB 

m of sarcoiOH, which con si sis 
icloscd nHlhin ibe meah^s of a vaEculir 

siiba-queDtlj to that uf spind la-celled Rruwtbs — [irinmrily in ihe 
tliigti, aud secondarily in ttie lung. > SUU, 

eiceedingly scanty, homogeneous, granular, or slightly 
tibrillated intercellular substance. (Fig. 49, a.) Some of 
the cells may posaese fine prolongations which, by com- 
municating with one another, form a aomewhat reticulated 
structure. These tumours occur in the grey and white 
substance of the brain, in the cranial nerves, and in the 
retina. In the retina they usually commence as a minnte 
nodule, which may gradually increase until it projects u 
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a large fnngating tumour from the orbit, Thej are not 
CDcapsuled, and although they may occaBionally infiltrate 
tiie tissues in which they lie and cause Hecondary growths 
in their immediate vicinity, they very rarely reproUuce 
themselves in the lymphatic glands or in internal organs. 
They are liable to small hteinorrhagea into their structure, 
and sometimes become more or less caseous. 

Alveolar Sarcoma. — This is a rare form of ronnd- 
celled sarcoma, which was first described by Billroth. 
The cells, which are large, sharply defined, round or 
oval in shape, and enclose prominent round nuclei, are 
separated from each other by a more or less marked 
fibrous stroma. In some parts this stroma forms small 
alveoli within which the cells 
are grouped ; but careful ei- 
amiuation wiU always show 
that in most parts of the sec- 
tion the stroma really pene- 
trates between each individual 
cell. It is this last named 
character wtich serves to dis- 
tinguish these tumours from 
the cancers, with which, in 
many cases, they may easily 
be confounded. The accom- 
panying drawing, made from 
a preparation kindly lent to i 
shows well their microscopical characters, (Fig. 50.) 

Alveolar sarcomata are met with principally in the 
skin, bones, and muscles. In the skin, where they are 
often multiple, they lead to ulceration. They tend to 
recur locally, and also to reprodnce themselves in in- 
ternal oi^ns. 

KYELOID SARCOMA. 

This, which is the well-known myeloid tumour, is some- 
what allied to the spindle- celled growths. It possesses, 
however, certain histological pecnliarities which probably 




AlreolnT Sarcoma, — From a 
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depend upon the characters of the tiaane from which it 
growB. Myeloid tninoura nearly always occar in con- 
nection vith bone and most frequently originate in tiie 
medullary cavity They consist of the large many- 
nucleated cells already deacnbed as myeloid cells,"— 








ilytlo d Sa oma (V rchow ) 

which resemble the cells of the mednlla m a state of 
escesBlve nutritive activ ty— together wth numerous fnai- 
form cells like those met with n the sp ndle celled 
varieties. There are also some smaller round and oval 
elements. The large myelo d cells wh eh give to these 
loors their diatmotve character are usually much 
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more numeroxis in those growths whicli originate in the 
medullary cavity than in those which spring from the 
p^eriostenm. These various forms of cells are nearly in 
close contact, there being very little intercellular sub- 
stance. (Fig. 61.) The growths are sometimes very 
vascular, so much so as to give rise to distinct pulsation. 
They often contain cysts. 

Myeloid tumours almost always grow in connection 
-with bone, the heads of the long bones being their 
favourite seat. They are also frequently met with 
s]>ringing from the periosteum of the upper and lower 
jaws, where they constitute one form of epulis. When 
originating within the medullary cavity, the compact 
tissue of the bone becomes expanded over them, and they 
thus often communicate on palpation the peculiar sensa- 
tion known to surgeons as " egg-shell cracking." These 
tumours are for the most part of firmer consistence than 
tlie other varieties of sarcoma ; many of them are firm and 
fleshy, although others are softer, more resembing size- 
gelatin. They are not pulpy and grumous like the soft 
sarcomata, neither do they present the fasciculated 
appearance of the spindle-celled varieties. Their cut 
surface has a uniform succulent appearance, often 
mottled with patches of red. They are often encapsuled 
by the periosteal covering of the bone from which they 
grow. They are rare after middle life, and are the least 
malignant of all the sarcomata. 

BLOOD- CYSTS. 

Tumours are occasionally met with into which so much 
hemorrhage has taken place as to mask their real nature, 
and to give to thera the appearance of blood-cysts. The 
nature of these blood- cysts has only recently been un- 
derstood. They are now known to be in the majority of 
cases soft, round, or spindle-celled sarcomata. They 
consist of broken down blood coagula, surrounded by an 
ill defined layer of soft sarcoma tissue. The microscope 
will also usually reveal sarcomatous elements amongst 
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the altered blood. These growths are exceedingly malig- 
nant, and hence the recognition of their sarcomatoos 
origin is all important. 



CLINICAL CHARACTERS OF THE SARCOMATA. 

The sarcomata occnr most frequently in early and 
middle life, and, next to the carcinomata, are the most 
malignant of the new formations. They are especially 
characterised by their great tendency to extend locally 
and to infiltrate the snnounding structures, so that they 
are exceedingly prone to recur in loco after remoTaL 
They comparatively rarely infect the lymphatic glands, 
and in this reapect present a marked contrast tu the 
cancers. They are also very liable to become generally 
disseminated, although this is not usual in the earlier 
stages of the disease. The secondary growths occur most 
frequently in the lungs. The dissemination is effected by 
means of the blood, and this is owing to the thinness of 
the walls of their blood-vessels and to the immediate con- 
tact of these with the cells of the growth — conditions 
most favourable to the entrance of the cellular elements 
into the circulation. The dissemination of the sarcomata 
is, on this account, sometimes more rapid than that of 
the carcinomata. In the latter, extension in the early 
stage takes place principally by the lymphatics, and 
dissemination by the blood only occurs later in the disease. 
The secondary sarcomata usually resemble the primary 
one, but in exceptional cases the several varieties may 
replace one another. 

These malignant properties, ad has been seen, are 
possessed by the different varieties of sarcoma in very 
different degrees. As a rule, the softer and more 
vascular the tumour, and the less its tendency to form 
a ftdly developed tissue, the greater is its malignancy. 
The soft, round-celled, and large spindle-celled varieties 
are thus usually much more malignant than the firmer, 
small spindle-celled growths. Their infiltrating powers 
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are much greater, they sometimes infect the lymphatic 
glands, and they tend to reproduce themselves very 
rapidly in internal organs. Many of the small spindle- 
celled tumonrs, after removal, never recur, whilst others 
recur locally several times, and ultimately reproduce 
themselves in distant parts. As a rule, largeness of the 
spindle elements and the existence in many of them of 
more than one nucleus, is an evidence of special malig- 
nancy. The presence of a capsule limiting the growth 
must also be taken into account in judging of the degree 
of its malignancy. It must, however, he borne in mind 
that in a growth distinctly encapsuled, the sarcomatous 
elements may invade the adjacent structures. The 
myeloid growths are the least malignant; they may how- 
ever also, in exceptional cases, give rise to secondary 
growths in internal organs. 



CHAPTER XXIII. 

THE CARCINOMATA- 

The Carcinomata, or Cancers, are new formations con- 
sisting of cells of an epithelial type, without any inter- 
cellular substance, grouped together irregularly within 
the alveoli of a more or less dense fibroid stroma. 

The term " cancer** has been so commonly applied inde- 
finitely to any growth possessing malignant properties, 
that " cancerous" and " malignant*' have come to be re- 
garded by many as synonymous terms. It is important, 
however, clearly to distinguish between them. A cancer 
is a growth possessing the above-named definite struc- 
ture; a malignant growth, on the other hand, is one 
which, independently of its structure, tends to reproduce 
itself in adjacent or distant tissues. (See " Malignancy.") 
*' Cancerous" is an anatomical term ; " malignant'^ is a 
clinical one. 

The Carcinomata include the four following varieties :— 
8cirrhu8, Encephaloid, Colloid, and Epithelioma, Of 
these, the first three possess the same general characters, 
although they present certain structural and clinical 
differences which serve to distinguish them. Epithelioma 
constitutes a more distinct variety. It will be well, in 
the first place to describe the characters common to the 
larger and more important group, and then those which 
are peculiar to its individual members. Epithelioma 
will be considered subsequently. 

Structure.— r-In structure, scirrhus, encephaloid, and 
colloid cancer so far resemble one another, that they all 
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consist of cells of an epithelial type, without any inter- 
cellular substance, grouped together irregularly within 
the alveoli of a fibrous stroma. (See Fig. 55^) Although 
tliere is no intercellular substance, a certain amount of 
liquid exists between the cells. It is this liquid which 
exudes from the freshly-cut surface of the cancer, and 
the number of cells which it contains give to it a milky 
appearance. 

The cells are characterized by their large size, by the 
diversity of their forms, and by the magnitude and pro- 
imnence of their nuclei and nucleoli. (Fig. 52.) In size 

Fig. 52. 




Cells from a Scirrhua of the Mamma, x 350. 

they vary from -g^ to tzo^ ^^ ^^ ^^ch in diameter ; the 
majority being about five times as large as a red blood- 
corpuscle. They are round, oval, fusiform, caudate, poly- 
gonal—exhibiting, in short, every diversity of outline. 
These variations in form are principally owing to the 
mutoal pressure to which in their growth they are sub- 
jected The nuclei, which are large and prominent, are 
round or oval in shape, and contain one or more bright 
nucleoli. The nuclei are, perhaps, most frequently 
single ; two, however, are frequently met with, and in the 
softer and more rapidly growing cancers they may be 
more numerous. The cells rapidly undergo retrogressive 
changes, hence they usually contain molecular fat. They 
are many of them exceedingly destructible, so that some- 
times more free nuclei than cells are visible. Cells precisely 

N 2 
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similar to these are met with in other morbid growths, 
and also in the normal tissues. There is thus no spedjU 
•' cancer-celL" It is the general character of the cells, 
together with their mode of distribution in the meshes of 
a fibroid stroma, that determines the nature of the growth 
to which they belong. The appearance presented by 
these cells grouped within the alveoli of the cancer some- 
times closely simulates, in the earlier stages of growth, 
that of simple adenoma. (See Fig. 41.) In adenoma, 
however, the cells resemble the epithelium of the gland ; 
they are smaller, and less irregular in size and shape, 

Fio. 53. 




The Alveolar Stroma from a Scirrhtis of the 
Mamma. — The cells have been removed by 
pencilling, x 2U0. 

and less closely packed than those of carcinoma. In 
mauy cases, indeed, they form merely a single layer lining 
the walls of the acini. 

The stroma varies considerably in amount, being much 
more abundant in some varieties of cancer than in others. 
It consists of a more or less distinctly fibrillated tissue 
arranged so as to form alveoli of various forms and sizes, 
within which the cells are grouped. (Figs. 53 and 65.) 
These alveoli communicate with one another, so as to form 
a continuous cavernous system. The characters of the 
I vary with the rapidity of its growth :— if this is 
it will contain some round and spindle-shaped 
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cells (see Fig. 57) ; if, on the other hand, it is slow or has 
altogether ceased, the tissue will contain but few cells 
and ^11 be denser and more fibrons in character. The 
latter is the condition in which it is most commonly met 
with. 

Within the stroma are contained the blood-vessels. 
These are often very numerous, and form a close net- 
work. They are limited to the stroma, and only in very 
exceptional cases do they encroach upon the alveoli.* 
This distribution of the blood-vessels is important, as 
distinguishing the carcinomata from the sarcomata. In 
the latter, the vessels are not supported by a stroma, but 
ramify- amongst the cells of the growth ; hence the 
facility with which these tumours become generally dis- 
seminated. 

In addition to the blood-vessels, the carcinomata also 
X>oa8e88 lymphatics. These accompany the blood- vessels, 
and, as has been shown by MM. Cornil and Banvier, 
communicate freely with the alveoli. This explains the 
great tendency of cancer to infect the lymphatic glands. 
Development. — ^The question of the genesis of carci- 
noma involves that of the genesis of epithelium generally. 
It is maintained by many Histologists that epithelium 
can only originate from epithehum, and that the strata 
of cells set aside in the embryo for the production of the 
epithelial tissues is the source from which all epithehum 
is subsequently derived Others admit that epithehum 
may also originate from connective tissue. (See " Deve- 
lopment of Tumours.") A like difference of opinion 
exists as to the source of the epithehoid cells of cancer. 
By many — as Waldeyer, Thiersch, and Billroth — they are 
regarded as originating only from pre-existing epithehum. 
Others — amongst whom are Yirchow, Liicke, Bindfleisch, 
and Klebs — maintain that they may also be derived 



* In soft rapidly growing cancers the blood-vessels have occa- 
sionally been observed to project as tnfts into the alveoli. See case 
reported by Mr. Marcns Beck and Mr. Amott, Trans. Path, Soc, 
Land., 1874, p. 224. 
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from cells belonging to the connective tissue. It is also 
believed by some — as Koster — ^tliat many cancers originate 
from the endothelium of the lymphatics. 

The difficulty of determining the genesis of carcinoma 
is partly owing to the fact that it usually originates in 
structures where epithelium is normally abundant, as in 
the mamma, skin, and alimentary canal ; and that this 
normal epithelium is always, from the earliest stage of 
the growth, the seat of active proliferation. In cancer of 
the mamma, for example, the first change often observable 
is an accumulation of epithelium within the ducts of 
the gland, a condition very similar to that already de- 
scribed as occurring in the development of an ordinary 
glandular tumour. (See " Adenoma.") Soon, however, the 
epithelium alters its characters. The cells become larger 
and more irregular in shape, and their nuclei are more 
prominent. The epithelium is then found outside the 
ducts, amongst the inter- and peri-glandular connective 
tissue, which is also in a state of active proliferation, and 
is infiltrated with small round cells. The outline of the 
ducts ultimately becomes completely annihilated, and the 
epithelioid cells are seen in alveoli formed of a fibroid 
tissue. The question arises as to whether the epithelioid 
cells, which constitute the ultimate cancerous growth, 
originated from the epithelium normally existing within 
the ducts of the gland, which in the process of develop- 
ment has extended beyond the ducts in the surrounding 
tissue ; or, whether they originated from the proliferating 
elements of the connective tissue. Although this question 
cannot be regarded as finally settled, it is tolerably 
certain that primarily, at all events, carcinoma in all 
cases originates from epithelium ; and from the investiga- 
tions of Prof. Maier and Dr. Creighton, already alluded 
to, it is probable that the epithelial growth having 
attained a certain degree of development becomes in- 
fective, and exercises an influence upon the proliferating 
cells of the connective tissue (influence of contact), which 
causes them gradually to assume an epithelial type. The 
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<loctrine of the primary epithelial origin of carcinoma is 
now steadily gaining ground. The tendency which is 
exhibited by the cells of cancerous growths to maintain 
'fclie type of the epithelial structures in the vicinity of 
-which they grow is greatly in favour of it. In cancers 
situated near the cutaneous surfaces, for example, the 
csells are usually of the squamous type, whereas in those 
growing in connection with the glands of mucous mem- 
"branes, they more commonly resemble the epithelium of 
the gland. In adopting this doctrine of the origin of 
carcinoma it is obviously impossible to admit the oc- 
currence of primary growths in situations where no 
epithelium normally exists — as in bone and muscle ; and 
-we now know that tumours in these tissues which were 
formerly described as cancers, are in reality sarcomata. 

The stroYna of carcinoma is partly the pre-existing con- 
nective tissue of the part in which the cancer originates, 
and partly a new formation. The new growth may pro- 
bably be regarded as the result of the irritation of the 
connective tissue by the infiltrating epithelial cells. The 
alveoH are formed by the linear or more globular group- 
ing of the epithelium amongst the meshes of the stroma. 
The carcinomata in their growth never become encap- 
snled, but gradually infiltrate the surrounding structures. 
This process of infiltration is very characteristic, and is 
more marked in cancer than in any of the malignant 
gro^vths. A zone of small-celled infiltration is seen for 
some distance around the confines of the tumour, so that 
there is no Hne of demarcation between it and the normal 
structures. (See Fig. 54.) 

Secondary Cha.nges. — The most important of these is 
fatty degeneration. This always occurs to a greater or 
less extent in all the varieties of carcinoma. The more 
rapid the growth, the earlier does this retrogressive 
change take place, and the greater is its extent ; hence it 
is usually most marked in encephaloid. It produces 
softening of the growth, which is often reduced to a 
pulpy cream-like consistence. Pigmentation, mucoid and 
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colloid degeneration may also occnr. Calcification is 
vary rarely met with. 

Varieties. — The term " cancer" was so vaguely applied 
by the older pathologists — nearly all malignant forma- 
tions being included under this head — that considerable 
confusion has resulted in the classification of cancerous 
growths. Peculiarities in situation, structure, and ap- 
pearance have given rise to special names, hence the 
terms — " osteoid" ** chondroid" " cystic" " villous" and 
" hiJBviatoid" cancer. A cancer containing large quantities 
of pigment was described as a distinct variety, under the 
name of melanotic cancer. Melanotic cancer, however, 
is comparatively rare. The majority of tumours which 
are thus designated are in reality sarcomata. (See " Me- 
lanotic Sarcoma.") 

The most convenient classification, and that which is 
now generally adopted, divides the carcinomata into four 
groups : — scirrhus, fibrous, or chronic cancer ; encepha- 
Joid, medullary, or a^ute cancer ; coUoid or gelatiniform 
cancer ; and epithelial cancer, or epithelioma, including 
adenoid cancer. This division is based principally upon 
the relative proportion of the stroma, and upon the type 
of the epithelial elements. 

SCIRRHUS CANCER. 

Scirrhus, fibrous, or chronic cancer is characterised by 
the large amount of its stroma and by the chronicity of 
its growth. The slowness in the development of scirrhus 
probably accounts in great measure for the peculiarities 
in its structure and physical characters. 

ITie epithelial growth, although at first it may be 
luxuriant, quickly subsides. The elements soon atrophy 
and undergo retrogressive changes. They are most 
abundant in the external portions of the tumour, where 
growth is taking place ; in the central portions they may 
be almost entirely wanting. The accompanying figures 
'i'igs. 64 and 65) show the appearances presented by 
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Bcirrhns of the mammEi in the earlier stages of its 
(le velopment. 

The dcgeneratioii of the epithelial elements is probably 




Scirrhvt nT the Momma. — A thin sectioa from the 
roost eitenial ponioo of thn tumour, showing the 
htubII -celled iafilrratian ("indifferent tissue") of the 
niusculnr fibrea and adipose tissue in the neighbour- 
hood of the gUnd. X SUO. 



owing to the exceedve gronth of the stroma, and to the 
imbseqnent induration and contraction which it under 
goes. It qoicklj aflsumes the charaetera of cicatricial 







tissue, and beoomeH hard and indurated. This causes 
abstraction and obliteration of the blooJ-vessels which it 
contains, and it is probably to thia interference with the 
vascular supply that the arrest in the development of the 
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ciincer it) owing. The whole of the central portions of 
the growth may thua nltiinat«ly consist eimply of dense 
fibroid tisBoe. amongst which are contained atrophied 
epithelial cells and fatty debris (Fig. 56), the periphery 
beinf[ the only part where the epithelial atrcctare ia 
viaible. The amount of atrophy and contraction vanes 
considerably ia different cases. 

The physical characters of scirrhns are in the same 
way dne to the abundance of its Btroma. The growth is 
firm and hard, and it ia tisnally depressed in the centre, 
owing to the contraction ot the fibroid tisane ; this is very 
characteristic of scirrhus of the breast, where it cansea 




Srtrrftiu of th* «nnumi.— A flection from the more 
central portjons of tiie tumour, Ebowing the atrophy of 
the epithelial cells, the dimioulion in the sbe of the 
alveoli. Ihe fihroid tisBne, and tbe fatty debris, a, 
earlier stage ; j>, tnore advanced. ■ 2ilO. 

puckering of the superjacent strustares. On section, the 
tumour presents a greyish-white glistening surface, some- 
times intersected with fibrous bauds. The more external 
are less firm than the central portions of the growth, and 
yield, on scraping, a juice which is rich in nucleated cells, 
free unclei, and granules. 

Scirrhus is most commonly met with in the female 
breast, and in the alimentary canal — especially in the 
oesophagus, pyloms, and rectum. It also occasionally 
occurs in the skin. The secondary growths to which it 
gives rise are often encephaloid. 
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ENCCPUAL01D GANGES. 

Eneephaloid, medullary, or acute cancer, is very cloaely 
allied to the preceding, from which it differB merely in 
the greater rapidity of its growth, and the consequent 
small amonnt of its stroma, and the Boftueaa of its con- 
sistence. Eneephaloid and BcirrhoB cannot be regarded 
as in anj way constituting distinct varieties of carcinoma. 
There are all intermediate stagea between them, and the 
differences ia the rapidity of thoir growth, and conse- 
quently in their stmcture and physical characters, con- 
stitate their only distinctive features. 




Bieepha3aid Cancer. — From a Becoodary cancer of 
the liver, sbowiag tbe large size of the alTenli Bud 
the thiaueSB of Ibdr avails. In tbe latter, small cells 
are Tisihic. The large.^pithelialcellBarocomineDcmg 
to undei^o fatty metamorphosis, h 2UU. 

The epithelial growth in eneephaloid is rapid and 
abtrndant, and the cells, for the most part latter than in 
scirrhus, quietly undergo fatty degeneration, ao that 
often more free nuclei than cells are visible. The pro- 
portion of stroma is very small, and owing to the rapidity 
of its growth, it is much less fibrous than that of scirrhus, 
and does not undergo a similar cicatricial contraction. 
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(Fig. 57.) The blood-vessels are often very abundant, 
and the tissne sapportinjj^ them being soft and non- 
resistant, haemorrhage occasionally takes place. 

Encephaloid cancer is of a soft brain-like consistence, 
the central portions, where fatty degeneration is most 
advanced, often being completely diffluent. The tumour 
is sometimes more or less lobulated. On section, it 
presents a white pulpy mass, much resembling brain- 
substance, which is often irregularly stained with extra- 
vasated blood. 

Encephaloid is much less common than scirrhus cancer. 
It is most frequently met with in internal organs as a 
secondary growth. It also sometimes occurs primarily 
in the testis and mamma. Many growths formerly de- 
scribed as encephaloid cancer, are soft sarcomata. (See 
" Round-celled Sarcoma.") 

COLLOID CANCER. 

The growths described under the name of coUoidf 
alveolar, or gelatiniform cancer, although sometimes re- 
garded as constituting a distinct variety of cancer, are 
simply one of the preceding forms which have undergone 
a mucoid or colloid change. The frequency with which 
non-cancerous growths which have undergone these 
forms of degeneration have been confounded with colloid 
cancer, has already been alluded to. (See " Colloid De- 
generation.") 

The alveolar structure in colloid cancers is very marked. 
The alveoli have very thin walls ; they are large, distinct, 
and more or less spherical in shape. This large size and 
distinctness of the alveoli is owing to their distension 
with the softened substance. Within them is contained 
the gelatinous colloid material, which is a glistening, 
translucent, colourless, or yellowish substance, of the con- 
sistence of thin mucilage or size-gelatin. In the main it 
is perfectly structureless ; within it, however, are embedded 
a varying number of epithelial cells, which also contain 
the same gelatinous substance. (Fig. 58.) These cells 
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present a peculiar appearance : — they are large and 
spherical in shape, and are distenclod with drops of the 
name (^latinons material as that in which tliej are 
embedded. {See Fig. -58.) Many of them display a 
lamellar surface, their boundary being marked by con- 




'^T' 



t 300. (Riodaeiscb.) 

centric lines. It would appear that the colloid change 
commences in the cells, which become gradually de- 
stroyed in the process. In other cases the cells, with the 
exception of slight fatty metamorphoeis, are but little 
aSected, and the substance distending the alveoli ia more 
viscid and mucoid in character. This is due to a mncoid 
degeneration of the intercellular substance, rather than 
to a colloid change commencing in the cells. (See 
" Macoid Degeneration.") 

Colloid cancer is most freqaeutly met with in the 
stomach, in the intestine, in the omentum, and in the 
peritoneum. 
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KPITHEUOICJL. 

Epithelioma, or epithelial cancer, must be regarded as 
conBtituting a much more distinct variety of carcinoma 
than either of the preceding, although transitioiiaJ forms 
between it and scirrhus are occasionally met with. It 
differs from the other varieties of cancer in always 
growing in connection with a cutaneous or mucous snr- 
face — the junction of the two being its usual seat — and 
in its epithelial elements closely resembling the squamous 
variety of epithelium. 

Fig. 59. 




Ceils from an Epithelioma of the Lip. x 250. 

The cells of epithelioma are in the main indistinguish- 
able from those met with on the cutaneous surfaces, and 
on the mucous membrane of the mouth. They vary in 
size from^J^ to toW^^ ®^ ^^ ^^^^ ^^ diameter, the average 
being y^th. They contain usually a single nucleus ; fre- 
quently, however, the nuclei are multiple. (Fig. 59.) 
They are often considerably flattened and distorted in 
shape, owing to the pressure to which in their growth 
they are subjected, but they never present those nume- 
rous varieties in outline which are met with in the other 
varieties of carcinoma, neither do they exhibit the same 
marked tendency to undergo fatty degeneration. The 
arrangement of these cells is peculiar : — some of them 
are situated in irregular tubular- shaped lobules which 
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commuDicate with each other ; others are less regularly 
groQped in maases of various sizes amongst the meshes 
of a Btroma. As the cells increase in number they tend 
to become arranged concentrically in groups so as to form 
globular masses. These masses are the " cmieentric 
globes," or " epithelial nests," which are so commonly met 
with wherever squamous epithelium in undergoing rapid 
growth, and which, although not distinctive, are ex- 
ceedingly characteristic of epithelioma. As the epithelium 

Fia. 60. 




cells. X IMi. 



mnltiphes, the peripheral layera of cells hecome flattened 
by pressure against the surrounding Btructnre!i, whilst 
those in the centre remain more or less spherical in shape 
like those of the deeper layers of the epidermis. (Fig. 60.) 
The cells may be so closely packed as ultimately to 
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become bard and drj like those of the oails and hair, and 
the globes are then of a brown ish-jellow colour and of a 
tirm consiateuce These globes are often large enough 
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to be readily visible to the naked eye, and owing to the 
arrangement of the epidermic scales, they usually present 
a fibrous appearance. 

The stroma presents every variation between rapidly 
growing embryonic, and an incompletely fibrillated tissue. 
It may be tolerably abundant, or almost entirely wanting. 
It rarely forms such a marked alveolar structure as that 
which characterises the other varieties of carcinoma, but 
usnally consists simply of a small-celled infiltration sur- 
rounding the epithelial elements, which may ultimately 
become developed into a more or less completely fibril- 
lated tissue. (Fig. 61.) 

With regard to the development of epithelioma — this 
is much more frequently determined by some exteinal 
source of irritation than is that of the other varieties of 
carcinoma. The epithelial elements are undoubtedly 
derived from the epithelium of the skin or mucous mem- 
branes, or from that of the glands which are situated in 
these tissues. The growth commences by a proliferation 
of this epithelium, which, as it increases, becomes hetero- 
Iogou>8, extending beyond the normal limits into the sub- 
jacent connective tissue, and even into muscle, bone, and 
other structures (Fig. 61) ; and it is this heterologous 
development of epithelium which is the essential charac- 
teristic of epithelioma. The extension of the epithelium 
into the subjacent connective tissue produces in the latter 
an irritative growth, and thus the groups of epithelial ele- 
ments are always surrounded by a small-celled (" indif- 
ferent") tissue, the small-celled growth preceding the 
epithelial invasion. (Fig. 61.) 

Epithelioma usually presents itself in the first place 
either as a small foul ulcer with indurated edges, or as a 
subcutaneous induration or nodule which subsequently 
ulcerates. The surface of the ulcer is frequently papil- 
lated and villous, owing to the irregular growth of the 
cerium. The tumour itself is firm in consistence, often 
more or less friable, and on section presents a greyish - 
white granular surface, sometimes intersected with lines 

o 
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of fibrons tissue. The cut-sorface yields on pressure a 
small quantity of turbid liquid, and in many cases also 
a peculiar, thick, crumbling, curdy, material, can be ex- 
pressed, which often comes out in a worm-like shape, like 
the sebaceous matter from the glands of the skin. This 
latter is very characteristic. It is composed of epithelial 
scales, and on being mixed with water it does not diffuse 
itself like the juice of other cancers, but separates into 
minute visible particles. If it is very abundant, the 
cancer is soft and friable, and the material can be seen in 
the cut-surtace as small scattered opaque dots. 

Epithelioma has its primary seat in the immediate 
vicinity of ibe cutaneous or mucous surfaces, the point of 
junction of the two being its favourite habitat. It appears 
in most cases, as already stated, to owe its origin to some 
external source of irritation. It is rare in the young, and 
is most frequently met with in the lower lip at the 
junction of the skin and mucous membrane, on the 
tongue, prepuce, scrotum (** chimney-sweep's cancer") 
labia, eyelids, cheeks, and in the uterus and bladder. As 
it extends it may involve any tissue — muscle, bone, and 
tendon may be alike implicated. It usually infects the 
lymphatic glands, but very rarely occurs in internal 
organs. 

Cylindrical Epithelioma or Adenoid Cancer, — ^These 
terms are applied to those forms of epithelial cancer 
which grow from macous membranes with columnar 
(cylindrical) epithelium, as from those of the stomach and 
intestines. In these tumours the epithelial elements are 
similar to those of the mucous membrane from which 
they grow. They are cylindrical in shape, and are 
arranged perpendicularly to the walls of the alveoli in a 
manner precisely analogous to that of the columnar 
epithelium on the mucous surface. (Fig. 62.) There is 
rarely a formation of concentric globes, and the growths 
are of a soft, and often gelatinous consistence. These 
tumours cause secondary growths in the lymphatic 
glands, and sometimes in the liver, lungs, and bones. 
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which poBseaa the aame charactera as the primarj cancer. 
The dintmction between them and simple adenomata ia 




often eiceediDgly difficult. (See " Adenoma of Macona 
Membranea.") 



Clinical Chabactebs o? the CAKciHOMiT*.— In speat- 
ingof tliecUnical charaeters of the cancers, it ia important 
in the firat place to make a distiaction between epithe- 
lioma and the other varieties. Epithelioma, aa far aa its 
malignancy ia concerned, occnpicB a very inferior position 
to scirrhua, encephaloid, and colloid. These latter 
Tarieties of carcinoma poaaesa in the highest d^^e 
malignant properties. They extend locally, invading in- 
discriminately the tiasaes amongst which they grow, and 
repruduoe themaelves in the lymphatic glands and in 
internal organa. In the proccBS of dissemination, how- 
ever, they present some pecaliarities which distinguish 
them from growths which are sometimes equally malig- 
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nant — ^viz., the sarcomata. The carcinomata are charac- 
terised by their great tendency to reproduce themselves 
in the neighbouring lymphatic glands. This implication 
of the lymphatics is usually much more marked than in 
the sarcomata, in which it but comparatively rarely occurs, 
and this is probably owing to the communication of the 
lymphatic vessels with the aveolar spaces of the cancerous 
growth. The general dissemination in internal organs, 
on the other hand, is often affected much less readily in 
carcinoma than in sarcoma, and the course of the 
former is therefore sometimes more protracted than that 
of the latter. This difference is explained by the differ- 
ence in the distribution of the blood-vessels : — in carci- 
noma, these are contained in the stroma, and very rarely 
come into contact with the cells of the growth ; whereas 
in the sarcomata, they ramify amongst the cells, and 
their walls being composed of thin embryonic tissue like 
that of the growth which they supply, dissemination 
through the medium of the blood is rapidly and readily 
effected. In carcinoma, the lymph being so important a 
medium of infection, the reproduction of the growths in 
internal organs may be considerably delayed: the pro- 
gress of the disease becomes arrested by the lymphatic 
glands, and its further dissemination is often only effected 
after these have become very generally and extensively 
involved. 

With regard to the difference in the clinical characters 
of these three varieties of carcinoma — ^the dissemination 
of encephaloid takes place much more rapidly than that 
of scirrhus, owing to the greater rapidity of its growth, 
its greater vascularity, and the greater activity of its 
epithelial elements. Colloid is somewhat inferior in the 
degree of its malignancy to both scirrhus and encepha- 
loid. 

Epithelioma is of all the cancers much the least malig- 
nant. It extends locally, and may infect the neighbour- 
ing lymphatics, but it comparatively rarely reproduces 
itself in internal organs. This is probably owing to the 
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size and character of its epithelial elements, which render 
tliem mnch less liable to be transmitted by the blood Eind 
lympli-streams than are the cells of the other varieties of 
cancer. 

In all the varieties of carcinoma there is a tendency for 
the secondary growths to repeat the characters of the 
primary one. This is most marked in epithelioma. In 
scirrlius, the secondary growths in internal organs, al- 
thoagh sometimes resembling the primary tnmour, are 
often more rapidly developed, are softer and more vascular, 
and in accordance with the distinction which has been 
made between scirrhus and encephaloid, they must be 
re^i^rded as belonging to the latter variety of cancer. 



CHAPTER XXIV. 

CYSTS. 

In addition to the new growths ahready described, there 
is a large class of formations, many of which cannot be 
regarded as " tumonrs " in the strict application of this 
term. These are the cysts or cystic tumours. 

A cyst is a cavity containing liquid or pultaceons 
material, which is separated from the surrounding struc- 
tures by a more or less distinct capsule. It may 1>3 ^ 
new formation, or a pre-existing structure which has 
become distended by its own secretion, or by extrava- 
sation into it. The former, only, comes within the 
category of new growths, although, for the sake of con- 
venience, it will be advisable to consider them both under 
one head. 

There are thus two principal modes by which cysts 
originate — one, the most frequent, by the gradual accu- 
mulation of substances within the cavities of pre-existing 
structures, which are, for the most part, products of their 
own formation, being in some cases a secretion, and in 
others a cell-growth ; the other, by the independent for- 
mation of a cyst in the tissues. 

The a^ccumulation of secretions and of other products 
within pre-existing cavities, may be effected in the three 
following ways : — 

Ist. By the retention of the normal secretion owing to 
the closure of the excretory ducts— as so often occurs in 
sebaceous glands. 

2nd. By excessive secretion, the cavity being unpro- 
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vided with an excretory duct — as in the formation of a 
bursaa. 

3rd. By the extravasation of blood into the cavity — as 
in haBmatocele. 

The indep&ndent formation of a cyst may take place — 
1st. By the softening and liquefaction of the tissues in 
some particular part, owing to mucoid or fatty changes. 
The tissues around the softened matters become con- 
densed, and ultimately form a kind of cyst-wall. 

2nd. By the enlargement and fusion of the spaces in 
connective tissue, and the accumulation of fluids within 
them. The surrounding tissue becomes condensed, and 
forms a cyst- wall ; and this may, in some cases, become 
lined with secreting cells. 

3rd. By the formation of a cyst-wall around foreign 
bodies, parasites, or extravasated blood. 

Structure. — The wall of the cyst will vary in its 
nature according as it is a pre-existing or a newly-formed 
tissue. In the former case, it will possess an epithelial 
lining which will present the same characters as that of 
the gland, serous membrane, or other structure, from 
which the C3'st originated. If the cyst is a new growth, 
it rarely possesses an epithelial lining, but consists simply 
of a fibrous capsule. The cyst-wall is sometimes firmly 
connected with the adjacent parts, so that it can only 
with difficulty be separated ; in other cases, the union is 
much less intimate. Instead of being a distinct struc- 
ture, it may be simply the surrounding tissue which has 
become dense and fibrous in character. 

The contents of cysts are very various, and may serve 
as a basis for their classification. In the retention-cysts, 
they will vary with the nature of the normal secretion — 
serum, sebaceous matter, saliva, milk, seminal fiuid, and 
other substances are thus found in these cysts, more or 
less altered in character from being retained in a closed 
cavity. In the exudation-cysts, serum is the most fre- 
quent constituent; and in extravasation-cysts, blood. In 
those cysts which originate from the softening and break- 
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ing down of tissae, the contents are the products of 
retrogressive tissne-metamorphosis, and nsnallj consist 
largely of mucin, fatty matters, and serum. 

Secondary Cjeanoes. — These may take place in the waU 
of the cyst, or in its contents. The cyst- wall itself may 
become the seat of new growths, and produce secondar}* 
cysts, villous, glandular, and other structures : — this 
occurs in many compound ovarian cysts. It may also 
be the seat of an inflammatory process, which terminates 
in suppuration and granulation, and by this means the 
cjst frequently becomes obliterated, its contents being 
cither absorbed or discharged externally, and the cavity 
closing by granulation. Calcification and ossification of 
the wall may also occur. The contents of cysts undergo 
vaiious changes, owing to their retention in a closed 
cavity. The secretions become altered in character, 
thickened and viscid. Epithelial elements undergo fatty 
changes, and so give rise to cholesterin crystals. Calci- 
fication of the contents is also common. 

Cysts may be simple or compound. A simple cyst 
consists of a single loculus. A compound or multilocular 
cyst is one consisting of numerous loculi, which either 
communicate with one another, or remain isolated. An- 
other variety of compound cyst, consists of a cyst with 
endogenous growths, the larger cyst having others grow- 
ing from its walls. A compound cyst may become a 
simple one by the destruction of its walls. 

Cysts are frequently associated with other growths, 
hence the terms — " cystic-sarcoma," " cystic-cancer," Ac 
It is especially in those growths which originate in glan- 
dular structures, as in the mamma, testicle, and ovary, 
that this combination is met with. The cystic develop- 
ment may almost entirely obliterate the structure of the 
tumour in which it takes place, so that ultimately the 
latter becomes converted into a combination of cysts. 
In other cases large portions of the tumour grow into 
the cystic cavities. Considerable difficulty is thus not 
unfrequently caused in determining the nature of the 
original growth. 
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Classification. — Cysts may be most conveniently clas- 
sified according to their mode of origin, thus : — 

CLASSIFICATION OF CYSTS. 

I. Cysts formed by the accumulation of substances 

within the cavities of pre-existing structures, 

A. Retention Cists. — Cysts resulting from the 

retention of normal secretions. These in- 
clude — 

a. Sebaceous Cysts.— These are formed by the re- 
tention of secretions in the sebaceous glands* 
Such are comedones and atheromatous 
tumours. 

j8. Mucous Cysts. —These are formed by the reten- 
tion of secretions in the glands of mucous 
membranes. 

X. Cysts from the retention of secretions in other 
partSf including — Banula, from occlusion 
of the salivary ducts ; Encysted Hydrocele, 
from occlusion of the tubU testis ; cysts in 
the mammary gland, from obstruction of the 
lacteal ducts; simple and some compound 
cysts of the ovary, from dilatation of the 
Graafian follicles; and simple cysts of the 
liver and kidneys. 

B. Exudation Cysts. — Cysts resulting from exces- 

sive secretion in cavities unprovided with an 
excretory duct. These include Bursse, Ganglia, 
Hydrocele, and many cysts in the broad liga- 
ment. 

C. Extravasation Cysts. — Cyst? resulting from 

extravasation into closed cavities. These in- 
clude Hsamatocele, and some other forms of 
sanguineous cysts. 

II. Cysts of independent origin. 

A. Cysts pbom Softening of Tissues. — These are 
especially common in new formations, as in 
en chondroma, lipoma, sarcoma, &c. 
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B. Cysts psoh Expansion and Fusion of Spaces 

IN Connective Tissue. — These include — 
a. BurscB, originating from irritation and eznda- 

tion into the tissues. 
/3. Serous cysts in the neck (often congenital). 
X. Many compound ovarian cysts,* 

C. Cysts formed abound Foreign Bodies, Extra- 

YASATED Blood, and Parasites. 

D. Congenital Cysts. — These include many Der- 

moid cysts. These appear often to be the 
remains of blighted ova. They contain fatty 
matters, hair, teeth, bones, &c. 



• See Dr. Wilson Fox, on Cystic Tumours of the Ovary: Med. 
Chir, Soc. Trans, vol. xlvii. 



CHAPTER XXV. 

CHANGES IN THE BLOOD AND CIRCULATION. 

LOCAL ANiiKMIA. 

Local assBmia, or ischaBmia, is diminution of blood in 
a part owing to diminished arterial supply. 

Causes. — The most frequent causes of diminished arterial 
supply are all those conditions which either narrow or 
completely close the lumen of the artery. The lumen 
of an artery may be diminished by disease of its walls 
— ^atheroma, calcification, and syphilis; or by pressure 
exercised upon it from without, as by new growths, in- 
flammatory exudations, and mechanical or inflammatory 
effusions. The complete closure of the vessel may result 
from some of the foregoing conditions, or more commonly 
from thrombosis, embolism, or ligature. In some cases 
the supply of blood is diminished by an increase in the 
natural resistance of the artery from irritation of the 
vaso-motor nerve. This occurs as the result of a low 
temperature, in some neuralgic and other nervous affec- 
tions, and from the action of certain substances, such as 
ergot of rye, opium, <fec. 

Besults. — A part with diminished arterial supply is 
usually paler, less tense, and of a lower temperature than 
naturaL Its nutrition and function are also impaired, so 
that it may atrophy, undergo fatty degeneration, or die. 
These results were exemplified in the chapters on atrophy, 
fatty degeneration, and necrosis. 

The results of diminished arterial supply, however, wil^ 
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obvionsly depend npon the extent of the diminntion. 
Where there is any obstruction of the main artery or 
arteries leading to a part, there is increased pressure in 
the vessels behind the obstruction, and in many cases the 
anatomical distribution of these is snch that they 
gradually restore the circulation in the anasmic area. 
This restitution may be effected before the nutrition of 
the part has time to suffer. In certain tissues, however, 
the blood-vessels are so arranged that when an artery is 
obstructed the circulation cannot thus be restored by 
collateral branches. The obstruction of the artery is then 
followed in the first place by complete anaBmia of a 
certain area, but the blood-pressure from behind being 
annihilated, there is a backward pressure from the veins, 
and if these contain no valves, the venous blood regurgi- 
tates, and so again fills the capillaries. (Cohnheim.) Such 
arteries, with which anastomoses do not exist, are termed 
by Cohnheim "terminal** arteries. They occur in the 
spleen, kidneys, lungs, brain, and retina ; and obstructions 
in these tissues are necessarily followed by much greater 
nutritive disturbance than in those in which there is a 
free arterial anastomosis. 

Important changes also take place in the walls of the 
blood-vessels as the result of deprivation of arterial blood. 
These changes have been studied experimentally by 
Cohnheim and may be thus briefly summarised : — If the 
ear of a rabbit be ligatured at its root, and the ligature, 
after remaining on for from eight to ten hours, be 
removed and the blood again allowed to circulate, the 
organ becomes exceedingly vascular, red, swollen, and 
oedematous ; and when examined microscopically the 
vessels are found to be dilated, and numerous white blood- 
corpuscles to have escaped from them into the surround- 
ing tissue. The longer the circulation has been obstructed 
the more abundant is the infiltration with leucocytes, and 
when the obstruction has lasted for twenty-four hours 
small extravasations of blood also occur. If the ligature 
be allowed to remain on for forty-eight hours the ear dies. 
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From these observations Cohnheim conclndes — ^that when 
blood-vessels with their vasa vasorum are deprived of 
their circulating blood for a sufficient length of time they 
lose their power of retaining the blood, and so allow the 
liquor sanguinis and white blood- corpuscles to escape 
from them, the escape taking place principally through 
the capillaries and veins. In order, however, for the walls 
of the blood-vessels to be thus altered, the interference 
with the circulation must be very complete — a very little 
vascular supply serves to maintain their nutrition. These 
changes, as will be seen subsequently, explain that 
haemorrhagic infarction which results from the blocking 
of a terminal artery. (See " Embolism.*') 



HYPERiEMIA. 

Hyperasmia, or congestion, is excess of blood in the more 
or less dilated vessels of a part. Whatever increases the 
pressure of the blood, or diminishes the resistance of the 
vessels, may be a cause of hyperaBmia. Hyperaemia is 
active or arterial, and mechanical or venous. These two 
varieties must be considered separately. 

ACTIVE HYPERiEMIA. 

Active hyperaemia is an excess of blood in the arteries 
of a part, with, in most cases, an acceleration of the 
flow. 

Causes.— The causes of active hyperaemia may be 
divided into those which increase blood-pressure, and 
those which diminish arterial resistance. 

1. Increased Blood-pressure — This occurs most com- 
monly from interruption of the main current of blood in 
any particular part, owing to which increased pressure is 
thrown upon the collateral vessels. These vessels thus 
become dilated, the amount of blood in them is increased, 
and the flow is accelerated. This, which is known as 
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collateral hypercemia, is seen after the obstruction of the 
main current from any cause, as from the ligature of the 
vessel, or from its occlusion by a thrombus or embolus. 
(See " Embolism.") 

General obstruction in the capillaries of a part will in 
the same way cause a compensatory hyperasmia. This is 
exemplified by the application of external cold, causing 
contraction of the superficial capillaries and congestion 
of internal organs ; and by obstruction of the capillaries 
in one part of an organ causing hyperaemia of the parts 
adjacent. 

2. Diminished ArteHal Besistance. — This is much the 
most frequent cause of active hyperaemia. It may arise 
from — 

a. Relaxation or paralysis of the wall of the vessel. — 
The relaxation of the muscular coat of the vessels and 
their consequent dilatation, may be owing to — 1st, ex- 
ternal warmth ; 2nd, direct paralysis of the vaso-motor 
nerve ; 3rd, indirect paralysis of the vaso-motor nerve ; 
and 4th, changes in the walls of the vessel resulting from 
injury independently of the nervous centres. External 
warmth is a common cause of hyperaemia. This is seen 
in the effect of warm baths, fomentations, &c. 

The effects of direct paralysis of the vaso-motor nerves 
are seen in the active congestion of the head and neck 
which follows pressure upon the sympathetic in the neck, 
as by an aneurism; and in the unilateral congestion 
which results from experimental sections or disease of one 
half of the spinal cord. Some emotional conditions also 
are attended by paralysis of the vascular nerves and con- 
sequently by active hyperaemia; this is seen in blush- 
ing. Certain substances, again, taken internally, produce 
vaso-motor paralysis, as the nitrite of amyl, alcohol, 
tobacco, &c. 

Indirect or reflex paralysis of the vaso-motor nerves is 
most frequently due to irritation of sensory nerves. The 
dilating actiun of the irritated sensory nerve is usually 
confined to the region supplied by it. Of the numerous 
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examples of liyperaeinia from this cause, may be men- 
tioned that which follows injnry of the conjunctiva, the 
hyperaemias associated with facial neuralgias, and the 
priapism that often results from irritation of the urethra. 
The hyperaemia of the skin, caused by friction and irri- 
tating substances, is also due to the same cause. 

Hyperasmia from the direct injury of the walls of the 
vessel independently of the nervous system occurs as 
the earliest change in the process of inflammation. In 
inflammation, the irritation is so severe as to cause not 
only dilatation of the vessel and accelerated blood-flow, 
but also a subsequent retardation of the circulation and 
exudation of liquor sanguinis and blood-corpuscles. (See 
" Inflammation.") If the injury be less intense or less 
prolonged in its action, it produces simply dilatation of 
the vessels and increased rapidity of flow — i.e. active 
hyperaemia. 

/3. Sudden removal of external pressure, — The sudden 
removal of external pressure from vessels is followed by 
their dilatation, and consequently by hyperaemia. As 
examples of hyperaemia from this cause, may be mentioned 
that which results from the sudden removal of ascitic 
fluid, and of the fluid from a hydrocele. 

The removal of atmospheric pressure from a part such 
as is done by dry cupping, although often included under 
this head, really produces quite a different result. Here 
not only the arteries are involved, but also the veins and 
capillaries, so that the part fills with blood both from the 
arterial and venous sides of the circulation. The blood- 
flow also instead of being accelerated is retarded, and there 
is often complete stasis. 

7. Atony of the walls of the vessels from mal-nutri- 
tion. — This is a much less important cause of hyperaemia. 
Fatty degeneration of the muscular and internal coats of 
the smaller arteries may, however, in some cases lead to 
their dilatation, and thus be a cause of active hyperaemia. 

Results. — The results of active hyperaemia are princi- 
pally such as might be expected to follow from an 
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increase in the amount of the arterial blood, and in the 
rapidity of its flow, in any particalar or^s^an or tissue. 
There is increased redness and pulsation, a sensation of 
throbbing being often experienced by the patient. There 
is also some increase in bulk. The temperature at the 
same time undergoes a marked elevation, sometimes as 
much as 3° Cent. If the hypersemia be of long duration 
the small arteries become permanently enlarged, their 
walls gradually thicken, and the peri-vascular connective 
tissue may increase. Hypertrophy of other tissues is 
also a frequent result. (See " Increased Nutrition'* and 
"Hypertrophy.") Function may, or may not be inter- 
fered with. It is in the nervous centres that functional 
changes are most marked. They include great excita- 
bility, parsBsthesiaB of sight and hearing, convulsions, &c. 
In the skin, kidneys, and other secreting organs, the 
secretions are usually increased. 

MECHANICAL HYPEfi-ffiMIA. 

In mechanical hypersemia, the excess of blood is princi- 
pally in the veins, and the flow, instead of being accele- 
rated, is retarded. 

Causes. — The causes of mechanical hypersemia are 
such as interfere with the return of the blood by the 
veins, either by directly impeding its exit from any vein 
or system of veins, or by diminishing the normal circu- 
lating forces. They are — 

I. A direct Impediment to the Return of Blood by the 
Vevns, — This is the most fertile cause of mechanical 
hyperaemia. Any obstruction to the return of blood by 
the veins is followed by distension and impeded flow 
behind the obstruction. The congestion of some of the 
abdominal viscera which results from the obstruction to 
the portal circulation in cirrhosis of the liver ; that of the 
lung in mitral constriction and regurgitation ; that of the 
systemic circulation in insufficiency of the tricuspid valve ; 
and that of the lower extremities from the pressure of the 
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gravid uterus on the iliac veins, are a few of the numerous 
familiar examples of mechanical hyperaemia from this 
cause. 

2. Ulmi/nished Cardiac Power, — This is one of the most 
important causes of mechanical hyperaemia. The motor 
power of the heart becomes impaired in many of the 
chronic exhausting diseases, also in the acute febrile 
diseases, as in typhus and typhoid fever, and in all those 
conditions of degeneration of its structure which lead to 
the dilatation of its cavities. In whichever of these ways 
the vis a tergo is diminished, it wiQ tend to produce that 
diminished fulness of the arteries and over-fulness of 
the veins which is so familiar clinically as the result of 
cardiac failure. Not only so, but if the condition be of 
long duration, there is necessarily so much interference 
vfrith the changes of the blood in the lungs, with the 
function of the blood-forming organs, and with the pro- 
cesses of digestion and assimilation, that the blood itself 
becomes deteriorated, and thus the nutrition of the 
tissues generally suffers. 

3. Qra/vitation. — This becomes an important auxiliary 
in the production of h3rper8emia in disease, especially 
vfrhen it is associated with diminished cardiac power. 
The effect of gravitation in determining congestion of the 
most dependent parts is exemplified in chronic exhaustive 
and in many of the acute febrile diseases, in which the 
nutrition generally becomes impaired, the heart's power 
weakened, and in which the patient, confined to bed, is 
unable frequently to change his position. The integu- 
ments of the back, and the posterior portions of the lungd, 
are the parts which are thus most frequently affected. 
(Hypostatic Congestion). Gravitation in the same way 
determines the initial swelling of the legs in cases of 
cardiac dropsy. 

4. Increased Local Resistance. — ^This results from dis- 
eased conditions of the arterial walls, owing to which tliey 
either lose their elasticity and contractility and thus 
their power of equalising and regulating the blood-flow. 
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or become considerably enlarged. In either case the cir- 
culation will be impeded, there will be an accnnmlation 
of blood and retardation of flow in the veins beyond, and 
the veins themselves will gradually become relaxed and 
dilated. Such conditions may arise from simple atony 
of the arterial walls, or from atheromatous, fatty, or 
calcareous changes. They are most common in advanced 
life. The part they play in the production of senile 
gangrene has been already alluded to. (See " Senile 
Gangrene.") 

Besults. — Whether there be a direct impediment to 
the return of blood by the veins or a failure in the cir- 
culating forces, the veins and capillaries dilate, and the 
blood accumulates in them and moves with diminished 
velocity. The subsequent changes will depend upon the 
amount of obstruction to the venous return and the force 
of the arterial circulation ; in other words, upon the 
amount of pressure and the relation of the pressure in 
the arteries to that in the veins. The most important of 
these changes are the transudation of serum, the diajpe- 
desis of the red hlood-corpuscles, hcemorrha^e, fibroid 
induration, th/romhosis , and necrosis, 

1. Transudation of Serum. — This, which is one of the 
most important results of mechanical hyperssmia, is due 
to the difference in the amount of blood-flow to and from 
the part. Hence, the greater the impediment to the re- 
turn by the veins, and the greater the arterial supply, the 
greater the tendency to transudation. The influence of 
the arterial supply upon the amount of transudation is 
shown experimentally by producing dilatation of the ar- 
teries by section of their vaso-motor nerves. If in the rabbit 
the main vein of the ear be ligatured on both aides, and 
the sympathetic be divided in the neck on one side, the 
transudation of serum into the ear of that side on which 
the nerve was divided will be very considerable, whilst on 
the other side it will be slight, or entirely wanting. The 
serum transudes mainly from the capillaries and small 
veins, and not from the small arteries. It differs from 
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blood-semm in being of lower specific gravity, and in 
containing more water and less of the solid constituents. 
The greater the pressure, the more nearly does the trans- 
uded liquid resemble the liquor sanguinis, and the greater 
is the amount of albumen which it contains. If the pres- 
sure be very great it may yield a fibrinous coagulum. 

This augmented transudation from the blood-vessels 
causes an increase in the absorption by the lymphatics, 
and this increase may be sufficient to prevent any ac- 
cumulation of serum in the part — as is the case, for 
example, in the ear of the rabbit, where the main vein 
is obliterated but the arteries are not dilated (see antea). 
Where the lymphatic absorption, however, is insufficient 
to remove the transuded liquid, this accumulates and 
gives rise to oBdema and dropsical effusion. The amount 
of transudation will be infiuenced by the anatomical 
characters of the tissue, being most in those parts in 
which the blood-vessels are least supported, as in the 
subcutaneous tissue, and in tissues which present a free 
surface, as serous and mucous membranes. A lax and 
toneless condition of the vessels will also favour trans- 
ndation. 

2. Diapedesis of Bed Blood-corpuscles, — When the 
obstruction to the venous return is very great, not only 
does serum transude from the veins and capillaries, but 
some of the red blood-corpuscles also escape from the 
same vessels. This diapedesis of the red corpuscles in 
conditions of mechanical hypereemia was discovered by 
Cohnheim, It may be observed in the web or tongue 
of the frog after ligature of the main vein. The red cor- 
puscles accumulate in increasing numbers in the veins 
and capillaries, the blood-stream in these vessels com- 
pletely stagnates, the red corpuscles become so closely 
packed that their individual outlines are scarcely dis- 
tinguishable, the coherent mass oscillates to and fro with 
the arterial pulsation, and then suddenly some of the 
red corpuscles penetrate the walls of the small veins and 
capillaries and escape into the surrounding tissue. This 

f2 
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diapedesis occurs without rupture of the vessel, and if 
the ligattLre be removed, the blood again circulates in a 
perfectly normal manner. The corpuscles appear to be 
squeezed through the capillary walls as the result of the 
pressure. They rarely escape in great numbers, and they 
posHibly do so by passing through the stomata which 
Recklinghausen has shown to exist between the endothelial 
elements ; although Cohnheim considers that the exist- 
ence of thes& is not necessary to account for the diape- 
desis. 

3. HcBmorrhage. — ^This is another result of mechanical 
hj'persBmia. It usually occurs only when the obstruction 
to the venous current is very great. Those vessels which 
are the least supported are the first to give way. The 
haemorrhage into the stomach in cirrhosis of the liver, 
and into the lung in mitral disease, are familiar examples 
of hsemorrhage from this cause. 

4. Fibroid Induration. — This, which is due to a gradual 
increase in the connective tissue around the blood-vessels, 
is one of the most important results of long continued 
mechanical hyperaemia. The insterstitial growth leads to 
atrophy of the other structures, and thus to impairment 
of the functions of the organ. In the stomach, it produces 
atrophy of the glandular structures ; in the kidney, com- 
pression of the urine tubes ; in the Hver, obstruction to 
the portal circulation ; in the heart, diminution in motor 
power. The alterations which this change produces in 
the physical charsLcters of the organs — viz., a hardness 
and induration associated with abnormal redness or 
pigmentation due to the excess of blood, are exceedingly 
characteristic. 

5. Thrombosis, — ^This, as a result of mechanical ob- 
struction, will be described in the following chapter. 

6. Necrosis, — This only occurs from mechanical hy- 
peraemia when the obstruction is very general and com- 
plete. It has been already described under the head of 
" Necrosis.*' 

In addition, to the foregoing, long-continued mechanical 
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hjpeTfetnia leada to impairment of vitality and fanction. 
'I'ie tiBBuea gradaally atrophy and imdergo retrogTeseivo 
changes, although from the amount of serosity and blood 
which they contain, their size and absolute weight may 
be increaHod. Their temperature becomes lowered. This 
form, of hjxreriemia has no tendency to cause hypertrophy. 
B membranes b gi es nse to catarrh. 




XtUrmg lAeer. — Showing the destnicHoD of the liver-cells 
and the pigiaeDtatioD of the ceatral portione of the aciuus, 
together with the new growth of connectivB tisane »t tha 
periphei^. V. Hepatic vein. P. Portal canal, k 50. 
(When the Epecimeu is more highly magnifled, the peri- 
pheral connective tisane growth is seen to contain nn- 
merona nuclei.) 

MSCEAHICAL HlFEBJUIA OF TDB LiVEH, — NUTMES 
LivEE. — Long-continued mechanical hyperscmia of the 
liver gives rise to the condition known as Nuiineg IAaiet. 
This ia the condition which so frequently resalta from 
disease of the heart. The change is characteriBcd by a 
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large Bccmnulatioii of blood in the hepatic veins, by dila- 
tation and thickening of these veine, bj atrophy of the 
hepatic cells in the central portions of the acini, and by 
an increase in the interlobular connective tigene. The 
impediment to the return of blood by the hepatic v^ 
leads to atrophy of the cells in the central portions of the 
acini and also to the fDrmH.tion of granular pigment, so 
that when eiamined microscopically, these portions of 
the acini are seen to consist of broken-doWn cells and 




Svlmfg lAver —Port on of F R 63 sronnd central bepfitic 
vein (V), more h ghly magn fi»d Showing the thickeniiig 
of the veins, uid the Rccmnultttion of red blood-corposcles 
within them, x 400. 

grannies of pigment. (Fig. 63.) The veins here are fonnd 
mncb dilated, and filled with red blood-corpnscles. (Fig. 
64.) Their walls are thickened, and there often appears 
to be also more or less thickening of the intercellalar net- 
work which immediately smTonnds the central vein. 
Owing to this thickening of the cential vein and of the 
adjacent intercellalar network, and to the destmction 
oE the liver-cells, the most central portions of the acini, 
in advanced stages of the disease, may present a 
fibrona appearance. At the peripheral parts of the acini 



HYPERiEMIA. 215 

the new interlobular growth is seen insinuating itself 
between the almost unaltered liver cells. This new inter- 
lobular growth is usually distinctly nucleated, but, for the 
most part, less so than that met with in cirrhosis. Its 
cellular character has be3n especially insisted upon by 
Dr. Wickham Legg. 

In the earlier stages of this affection the liver is often 
considerably increased in size from the large amount of 
blood which it contains. On section, it presents a peculiar 
mottled appearance, the centre of the lobules being of 
a dark red colour, whilst the peripheral portions are of 
a yello>vish- white. This latter appearance is often in- 
creased by the presence of more or less fat in the peri-: 
pheral liver-cells. Ultimately the organ may undergo a 
gradual diminution in size. This is due partly to the 
atrophy of the cells in the central portions of the lobule, 
and partly to the pressure of the interlobular growth. 
The interlobular growth tends to cause obstruction to the 
portal circulation, as in cirrhosis. 

Mechanical Hypeilemia of the Lungs.— -In the lungs, 
long-continued mechanical hypersemia produces that 
peculiar induration and pigmentation of the organs 
which is known as Brown Induration, This condition 
most frequently results from stenosis and insufficiency of 
the mitral orifice. The alterations produced in the pul- 
monary texture consist in the first place of elongation 
and dilatation of the pulmonary capillaries, so that even 
in uninjected preparations the alveolar walls appear ab- 
normally tortuous: The epithelial cells lining the aveoli 
also become swollen and probably multiply, and they 
are seen in large numbers, filled with dark brown pig- 
ment, covering the alveolar walls. (Fig. 65.) They fre- 
quently accumulate within the aveolar cavities. These 
changes are followed by an increase in the interlobular 
connective tissue, by the formation of large quantities of 
brownish-black pigment, and often by a thickening of the 
alveolar walls. Sometimes the pulmonary capillaries 
rupture, and blood is extravasated into the lung-tissue* 
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Lungs in which theee changes are at all advanced pre- 
sent a more or less Dniform brownish -red tint, mottled 
with brown or blacki eh- coloured speclca and streaks. 




■e Lung. — Shoving tb« abdonnal 

r of awolltjn piBmentHd epiiheiiai cells eoTering 

the »lTOol»t walls, the increase d[ connecti™ tissue 
sround the blood-vessi'l, o, sad the large quimtity of pig- 
ment, b The alveolar cavity, x Suu. 

They are heavier and tougher than natural, less crepi- 
tant, and upon squeezing them the pnlmonarj tissue is 
found to be denser and thicker than that of a healthy 
lung. 



PosT-MoBTBSi ApFE.tRAspEs OF Htfe[l«jiia. — The post- 
mortem appearances presented by hyperasmic orgnns and 
tissues vary considerably. Very frequently parts which 
were hypersemic during life show no signs of it after 
death. If the blood does not Coagulate rapidly it passes 
on into the veins, and thus the recognition of arterial 
and capillary hypermmia very often becomes impossible. 
The effect of gravitation must also be taken into account 



HYPERiEMIA. 217 

in estimating liyperaBmia. After death the blood natn- 
ra'Uy gravitates to the most dependent parts: — this is 
seen in the post-mortem congestion of the posterior por- 
tions of the lungs, and of the most dependent portions of 
the various coils of the ictestine. The uniform redness 
of post-mortem staining again, must not be confounded 
with the redness of hypersemia. In capillary and arterial 
hyperaemia, the colour is red, and the injection often 
presents the appearance of a capilliform network. If 
very intense it may to the naked eye appear uniform, but 
a lens will always discover its capillary nature. When 
the veins are the seat of the hypersBmia the injection is 
called ramiform, and the colour is dark blue. 

The anatomical peculiarities in the distribution of the 
blood-vessels will, however, materially affect the appear- 
ance of the hypersemia. In the intestines it is often 
piinctiform, being situated in the vessels of the villi ; so 
also in the kidney, when its seat is the Malpighian cor- 
puscles. A punctiform appearance may also be produced 
by minute extravasations of blood. If the hyperaemia is 
of long-standing, the tissue becomes pigmented. This is 
often well seen in the stomach and intestines, also in the 
lungs. 



CHAPTER XXVI. 

THROMBOSIS. 

Thrombosis is a coagulation of the blood within the 
vessels daring life. The coagulum is called a thrombus. 
It may form in the heart, in the arteries, in the capil- 
laries, or in the veins. It is much the most common in 
the last-named vessels. 

Ca.use8.«— The phenomenon of blood-coagulation has 
been specially studied by Prof. Alex. Schmidt, and has 
been ^own by this observer to depend largely upon the 
white blood-corpuRcles. The fibrin is formed by the union 
of two fibrin generators — fibrinogen and paraglobulin, 
and this union is effected by a fibrin ferment. Tlie 
fibrinogen exists as such in the liquor sanguinis, but 
the ferment and the greater part of the para globulin are 
contained in the white blood-corpuscles. A destruction 
of some of these corpuscles and the liberation of the 
ferment and paraglobuHn is therefore necessary in order 
for coagulation to take place. 

The fluidity of the blood during life is due to its 
continuous contact with the living walls of the heart and 
blood-vessels. Whatever, therefore, interferes with this 
continuous contact, or impairs the vitality of the 
vessels in which the blood circulates will, by leading to 
the destruction of some of the white corpuscles, prevent 
fluidity and cause coagulation. An interference with the 
continuous contact of the blood with the vascular walls 
results from retardation of the blood-flow. Impairment 
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of vitality of the vessels nmst involve the endothelium in 
order for it to cause coagulation — as long as the endothe- 
lium remains normal alterations in the walls of the 
vessels will not cause thrombosis. In many cases the 
coagulation is due partly to retarded blood- flow and 
partly to abnormal endothelium. 

1. Thrombosis from Beta/rdation of the Blood-flow may 
result from — 

a. Interruption or narrowing of the vessel, — This occurs 
after the application of a ligature. Coagulation com- 
mences at the point of contact, and extends as far as the 
first large collateral branches, thus permanently closing 
the vessel. The laceration of the inner coat of the artery 
by the ligature, and the folds into which it is thrown, 
contributes very materially to the formation of the clot. 
The pressure exercised by tumours, cicatricial tissue, 
extravasations of blood, and the closure of a vessel by 
the impaction of an embolus, may in the same way by 
impeding or arresting the circulation cause thrombosis. 
General obstruction in the capillaries of a part also causes 
coagulation in the adjacent veins. 

/S. Solution of the continuity of the vessel. — The forma- 
tion of a thrombus after the division or tearing of a vessel 
constitutes the means by which hsBmorrhage is imme- 
diately arrested — there must be either thrombosis or con- 
tinuous hsBmorrhage. In the arteries, the severed end of 
the vessel contracts and retracts within its sheath, coagu- 
lation commences around it and extends upwards as far 
as the first large collateral branch. In the veins, hsBmor- 
rhagc is frequently arrested by the valves, and the forma- 
tion of a thrombus will evidently depend upon the rela- 
tive situations of the valves and collateral vessels. The 
hsemorrhage from the uterus after the separation of the 
placenta is arrested either by uterine contraction or by 
thrombosis. In all these cases the injury to the walls of 
the vessels is an important element in the causation of 
the coagulation. 

y. IHlcUation of the vessels, or of the heart, — ^The most 
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familiar example of thrombosis from this cause is that 
which occurs in an aneurism. The greater the amount of 
dilatation the greater is the retardation of the blood-flow. 
The coagulation commences at the sides of the vessel, and 
may extend until it completely fills the cavity. It is often 
favoured by atheromatous or other changes in the walls 
of the sac. Coagulation from the same cause is not un- 
common in the dilated plexuses of the prostate gland. 
In the heart, thrombosis is most frequent in the auricles. 
It usually commences in the auricular appendix, where 
there is very little propulsive power, and it may gradually 
extend into the auricular cavity. It is also met with in 
the ventricles, commonly commencing here between the 
columnsB carneaa. 

d. Diminished ca/rdiac power. — ^This is a common cause 
of thrombosis in the veins. The coagulation commences 
just behind the flaps of the valves, from which it gradually 
extends into the cavity of the vessel. This appears to be 
owing to the force of the current not being sufficiently 
strong to completely open the valves, and the blood con- 
sequently stagnates and coagulates behind them. The 
crural and iliac veins, the venous plexuses of the back, 
and the cerebral sinuses, are the situations in which 
thrombosis from this cause is most frequently met with. 
It occurs in the course of many chronic exhausting dis- 
eases in which the cardiac power becomes diminished, and 
is especially frequent in phthisis, cancer, &c. The state 
of the blood, which often has an abnormal tendency to 
coagulate, together with the quiescent condition of the 
patient, materially aid in causing the coagulation. 

2. Thrombosis from Abnormal Conditions of the Vessels 
or of the Blood, 

a. Causes in the vessels, — All those alterations in the 
walls of the vessels which are accompanied by loss or by 
marked impairment of the vitality of the endothelium 
cause thrombosis. The abnormal surface acts as a foreign 
body and the blood coagulates upon it, and it may con- 
tinue to do so until the cavity of the vessel becomes filled 
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with coagulnm. Thrombi produced in this way are con- 
sequently stratified. The walls of a vessel may become 
altered as the result of inflammatory processes, and 
inflammation was formerly regarded as the main, if not 
the only, cause of thrombosis ; hence thrombosis in veins 
is frequently termed "phlebitis" even at the present day. 
Inflammation of veins is certainly rare as a primary con- 
dition, although it not unfrequently results from the 
formation of a thrombus ; and when occurring primarily, 
inflammatory processes, both in the arteries and the veins, 
have their seat in the external and middle c6ats or in the 
deeper layers of the intima. They never commence in 
the lining membrane of the vessel; this only becomes 
affected secondarily. The endothelium may be thrown 
oflT or die as the result of the inflammatory process, and 
when this has occurred the blood coagulates. Such in- 
flammatory changes occur in the arteries, constituting the 
condition known as "atheroma." which, in the smaller 
vessels, may be a cause of thrombosis. In the heart they 
constitute endocarditis ; and here also coagulation may 
take place upon the abnormal surface of the inflammatory 
vegetations. (See " Endocarditis.") 

The walls of a vessel may also become altered, and 
thus thrombosis result, from inflammation or necrosis of 
the tissues in which it is situated. The vitality of the 
vessel becomes destroyed and the blood coagulates within 
it ; and by this means the occurrence of haemorrhage is 
frequently prevented. Traumatic injury as a cause of 
thrombosis is exemplified by ligature, and by laceration 
or division of the vessel. In certain infectious diseases 
the endothelium undergoes fatty degeneration, and hence 
there is a tendency to coagulation.* Lastly, the pro- 
jection of new formations, as sarcoma, into the cavity of 
vessels causes the formation of a thrombus. 

/3. Codises m the blood. — There can be no doubt that 
certain conditions of the blood favour coagulation, and 

* Ponfick. Virchow's Archiv. Ix. p. 153. 
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consequently tend to promote the occnrrence of throm- 
bosis. The phenomenon of blood-coagulation, as already 
stated, depends upon the white blood-corpuscles, and it 
is well known that, under certain circumstances, an 
increase in the number of these corpuscles in the blood 
favours the formation of thrombi. Such an increase is 
frequently met with in inflammatory processes which 
involve largely the lymphatic organs (leucocytosis). It 
is probable that other conditions of the blood, such as a 
loss of its serum, and alterations produced by fevers 
and by septic poisons, may also favour coagulation. 
(See " SepticsBmia.") An increased tendency of the 
blood to coagulate has long been known to exist in many 
acute inflammatory diseases, and in the latter months of 
pregnancy. 

An increased tendency of the blood to coagulate, to 
whatever circumstances it may be due, is, however, 
probably never sufficient in itself to determine the forma- 
tion of a thrombus ; it can hence only be regarded as a 
predisposing cause. It is especially in those conditions 
in which the circulation is impeded from diminished 
cardiac power, that it becomes an important agent in 
producing thrombosis. 

Characters, «fec., op Thrombi. — The thrombus may 
completely or only partially fill the cavity of the vessel. 
In most cases, however, when coagulation has com- 
menced, it proceeds until the vessel is obstructed, and 
when once this has occurred, the formation of the 
thrombus continues to extend in the course of the vessel 
until it meets with a current of blood strong enough to 
arrest its progress. Its ultimate extent will thus mainly 
depend upon the vessel in which it is formed, upon the 
size and situation of the collateral branches, and upon 
the force of the circulating current. The direction in 
which the coagulation principally extends, whether in 
the arteries or the veins, is consequently backwards, 
from vessels of smaller to those of larger calibre ; the 
"matlon of the thrombus continuing until it meets 
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with a current sufficiently strong to restore the circula- 
tion, which in many cases is as far as the entrance of 
the next large collateral vessel. For the same reasons 
the extension of thrombi is usually much greater in veins 
than arteries. In the capillaries, coagulaidon occurs only 
as the result of necrosis of the capillary walls, con- 
sequently in thrombosis from retardation of the circula- 
tion the coagulation will not extend in these vessels. 
The end of the thrombus next the heart is rounded and 
conical in shape. (See Fig. 68, c.) 

Thrombi must be distinguished from the coagula that 
form after death, and also from those formed in the last 
moments of life which are so commonly found in the 
cardiac cavities. Post-mortem coagula are soft, and are 
often divisible into two layers, coloured and uncoloured ; 
they do not adhere to the walls of the vessel, and rarely 
completely fill its cavity. The clots formed in the heart 
just before death constitute a connecting link between 
post-mortem coagula and thrombi. They are more or less 
decolorised, and are firmer in consistence and more 
fibrinous than post-mortem clots. They are not firmly 
adherent to the cardiac walls, but are often so entangled 
amongst the columnse carnesB, chordae tendineae, and 
papillary muscles, that they cannot be quite readily 
separated. They appear to be the result of the mechanical 
defibrination of the blood by the cardiac contractions a 
little while before death ; the contractions not being suffi- 
ciently strong to empty the cavities, some of the blood 
remains behind, and becomes " whipped up " and defibri- 
nated. These clots are most common in the right cardiac 
cavities, and they often extend some way into the 
pulmonary artery, from which, however, they can very 
readily be removed. They are met with most frequently 
in those cases in which the death-struggle has been pro- 
longed, and in which there has been a gradual loss of 
power in the cardiac contractions. The existence of any 
increased tendency of the blood to coagulate will also 
materially favour their formation. 
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A thrombus, or ante-mortem clot, i& firmer, dryer, and 
more fibrinons than either of the preceding, and it is 
adherent to the walls of the vesseL Its characters, how- 
ever, vary with its age, and according as it origina(tes in 
qniescent or circulating blood. When coagolation takes 
place in qniescent blood, as, for example, in an artery or 
vein after the application of a ligature, the thrombus when 
freshly-formed is of a dark red colour and soft gelatinous 
consistence, closely resembling a post-mortem clot. It 
gradually loses its serum and so becomes dryer, less 
elastic, and more friable ; but as the red corpuscles are 
contained in it, it still keeps its red colour. The coagula- 
tion also taking place throughout the whole mass of 
blood, the thrombus maintains a more or less tiniform 
structure. When, on the other hand, as is much more 
frequently the case, coagulation occurs in a vessel in 
which the blood is still circulating, as for example in the 
sac of an aneurism or on an inflamed cardiac valve, the 
thrombus presents quite different characters from the 
foregoing. Here the first step in the formation of the 
thrombus is the continuous adhesion of white blood- 
corpuscles to the abnormal surface of the vessel ; then upon 
the little mass of adherent corpuscles fibrin is deposited, 
more corpuscles adhere, more fibrin is again deposited, 
and thus a more or less stratified thrombus is produced 
In most cases but few of the red corpuscles get entangled 
in this process, so that these thrombi are never so red as 
the other variety, but are usually of a greyish-white 
colour. The red blood-corpuscles contained in thrombi 
gradually atrophy and disappear, and their colouring 
matter is partly absorbed and partly converted into 
pigment. The thrombus thus becomes decolorised. 

The subsequent changes which thrombi undergo are 
organisation and softening. 

Organisation. — This is most frequent in the uniform 
unstratified thrombi, and especially in those occurriDg 
in arteries. The process consists in the gradual transfor- 
mation of the thrombus into vascularised connective tissue. 
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A thrombus whicli :s tindergomg a proceBS of oi^anisa 
tion gTBidaallj' diminielies m size it becomes more and 
more decolonHed firmer and more fibrous m consistence 
its union with the wall of the vessel becomes more mti 
mate, and ultimately it may become converted into a 
fibro-oellular cord These changes although still un 
perfectly understood, probably originate in the wall of 
the thrombosed vessel and not in the thrombus itself 

Soon after the formation of the thrombus the red 
corpuscles, as already stated disappear, but young cells 




Sedvm qf on Arterial ThronHna TKirty seven Dayt Old — 
a. New bli>od vessels b. LeucooTtes fuid anHatODiOHing 
cells. (Hiiiddeisch ) 

resembling leucocytes are found in considerable nnmberf. 
Knmerous new blood-vessels then make their appearance, 
intersecting the thrombus in all directions, and also some 
spindle-shaped and anastomosing cells. (Fig. 66.) These 
new vessels communicate with the cavity of the throm- 
bosed vessel, and with its vasa vaeomm. (Fig. 67.) The 
thrombus thus becomes replaced by a vascular fibrillated 
atmcture which gradually undei^oes a process of atrophy 
and contraction, and the new vessels disappear. In the 
process of contraction sinuses are often formed, by means 
of which the circulation is partially re-established. I' 
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Bome caseH the thrombua becomee calcified, and thus fonuB 
a phlebolith. 

The new veaaels which penetrate the thrombne nn- 
donbtedly originate ntainlj from the vaea vasonun. 
Respecting the eource from which the new celle which 
make their appearaure are derived — it a^ieare to be 
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LonffUudtnal Sectbm of tkt Ligatured End of Ue CruToi 
AHery qf a Dog, Jtfty Daui "flfr the Aj/plicalvm of the 
Ugature.—Hbowi-ag the newlj-formed TesBele in the 
thrambaB and their comiiiiiDicatioD with the Ta» nso- 
rum. Th, TbrombuB. la, Muscntar coat. Z. External 
coat and YEsa vBSonuQ. x 20. (0. Weher.) 

probable that thej originate partlj from the white 
blood-corpnsclea, and partly from the endothelial and 
connective tiesue cells belonging to the walls of the 
VBBBel. Recent reaearchee tend to show that the endothe- 
liam takes a prominent part in the process. Whether, 
however, they are all of them the ofispring of these 
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elements, or whether some of them may not be leucocytes 
which have penetrated from without, is unknown. From 
these small cells the elongated connective-tissue cells ai*e 
produced. The exact source from which the fibrillated 
intercellular material is derived — whether the inter- 
cellular coagulum itself fibrillates, or whether it dis- 
appears and the fibres are derived from the protoplasm 
of the cells — is uncertain. 

Softening, — ^If the thrombus does not become organised 
it usually undergoes a process of softening. This is 
most common in stratified thrombi, and especially in 
those occurring in the veins and heart. It is probable 
that in some cases the thrombus may become partially or 
completely absorbed. The softening usually commences 
in the centre of the clot, and gradWly extends 
towards the circumference. In one form of softening the 
thrombus becomes converted into a reddish-brown, soft, 
pulpy material, which sometimes has the appearance of 
pounded cooked meat. Under the microscope it is seen 
to consist of albuminous granules, molecular fat, and 
more or less altered red and white blood-corpuscles. The 
whole of the thrombus may become softened, or the pro- 
cess may be limited to the more central portions, whilst 
the external layers become organised. Very frequently, 
as the older portions of the clot are becoming disin- 
tegrated and softened, fresh coagulation takes place at 
its extremities. The thrombus may also become per- 
forated by openings through which the circulation is re- 
established. This, which may occur in softened as in 
organised thrombi, constitutes what is known as ccmaliza- 
tion of the thrombus. 

Much more important than this simple red softening of 
thrombi is what has been described by Yirchow as yellow 
or pnriform softening. Here the central portions of the 
thrombus consist of a yellow or yellowish-red material 
which in consistence and appearance closely resemble pus. 
The walls of the vessel within which puriform softening 
of a thrombus is taking place almost invariably sooner or 

<J2 
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later become inflamed, and it was formerly believed that 
the puriform material was true pus and resulted from the 
inflammation of the vessel. (See /' Eesults.") It is not 
however pus, but simply the softened and difiiuent 
thrombus. It contains a few cells resembling pus-cells 
which are for the most part the leucocytes originally 
contained in the clot, and possibly also some may have 
entered from without. The puriform material is charac- 
terised physiologically by the property it possesses of 
inducing inflammatory and necrotic changes in the tissues 
with which it comes into contact. This property is due 
to the influence of bacteria; and to the presence and 
action of these organisms is probably also to be ascribed 
the puriform transformation of the thrombus. These 
septic changes in thrombi are intimately associated with 
the pathology of septicaemia and pysBmia, and they will 
be considered further when treating of these subjects. 

Results. — ^The results of thrombosis comprise certain 
changes in the walls of the vessels, more or less obstruc- 
tion to the circulation, and embolism. These must be 
considered separately. 

1. Changes m the vessels, — More or less alteration in 
the wall of the vessel is an invariable consequence of the 
formation of a thrombus. When the thrombus under- 
goes a process of organisation, it becomes, as already 
described, intimately united with the vascular wall. The 
latter in the flrst place becomes infiltrated with cells and 
considerably thickened, but idtimately, together with 
the thrombus, gradually atrophies. It is when the 
thrombus is septic and undergoes a process of yellow 
or puriform softening that the most important changes 
take place in the vessel. These changes are of an acute 
inflammatory nature, and result from the injurious 
influence of the thrombus. They are most frequently 
observed in the veins, where septic thrombi are most 
liable to occur. 

The walls of a vein within which a thrombus is under- 
going a process of puiiform softening are considerably 
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thickened, so that the vessel more resembles ^n artery. 
The inner snrface has lost its translncency,andis of a dead 
opaque colour. The adventitia and middle coats are hyper- 
semic witli numerous hsemorrhagic points, which latter are 
often visible through the intima. Somewhat later the 
walls of the vessel become infiltrated with leucocytes, 
small collections of pus are seen in the external and 
middle coats, and portions of the intima may become 
detached. The neighbouring tissues may also become 
involved. These acute inflammatory changes in veins 
constitute what is known as suppurative phlebitis. 
Although they are most frequently due to thrombosis, 
they may also occur as the result of extension from 
adjacent suppurating tissues, in which case the thrombus, 
which also undergoes puriform softening, is seconda-fy to 
the phlebitis. (See " Inflammation of Veins.") Similar 
changes are observed in the arteries. 

2. Ohstribction to the circulation, — ^The consequences of 
the obstruction to the circulation which results from the 
formation of a thrombus will depend upon the rapidity 
and cause of its formation, the nature and size of the 
vessel obstructed, the situation and number of the col- 
lateral branches, and the force of the circulating carrent. 
The rapidity with which the obstruction is effected is of 
considerable importance, inasmuch as the more gradual 
this is the longer is the time allowed for the establish* 
ment of a collateral circulation. For this reason the 
interference with the circulation caused by thrombosis is, 
for the most part, less marked than that which results 
from the more sudden obstruction caused by embolism. 
The cause of the thrombosis is important for the reason 
already stated — ^viz., that in that which results from 
retardation of the circulation the coagulation does not ex- 
tend in the capillary vessels. 

In the veins, when thrombosis occurs in a vessel of 
small size and there are numerous collateral branches, 
as in the prostatic or uterine plexuses, the circulation is 
but little interfered with, and no symptoms of obstruo- 
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tion rcBTilt, If, however, the main trunk of a large vein 
becomes obliterated, as that of the femoral or iliac veins, 
the obstruction is followed bj hyperaemia, the extent and 
dnration of which will depend npon the facility with 
which the circulation can be restored by the collateral 
vessels. Thrombosis in the above-named veins frequently 
occurs, as already stated, in the latter stages of many 
chronic debilitating diseases, especially in phthisis ; also 
in the puerperal state, where it gives rise to the condition 
known as phlegmasia dolens. The formation of a throm- 
bus here is followed by oedema and swelling of the limb, 
which becomes tense, elastic, and painful. In the early 
stage there may be some cyanosis, but this is nsnally 
quickly followed by a pallid whiteness of the surface. 
There is often more or less tenderness in the conrse of 
the vein, which feels enlarged, hard, and knotted, owing 
to the secondary inflammatory changes in its walls. At 
the same time there is sometimes swelling and tenderness 
of the lymphatics, which may be seen as red lines tra- 
versing the limb. Diffuse inflammation of the skin and 
subcutaneous cellular tissne occasionally occurs. These 
changes are owing partly to the mechanical impediment 
to the circulation, and partly to the obstruction of lym- 
phatics and to the secondary inflammatory processes in 
the vein and tissues which ensue. The circulation is 
usually ultimately restored ; but if the impediment has 
been of long dnration, the tissues become thickened, and 
the limb is left in a hard, indurated, and somewhat en- 
larged condition. 

The results of obstruction in arteries have been already 
considered in the chapter on Local AnaBmia, These re- 
sults will obviously depend upon the facility with which 
the circulation can be restored by the collateral vessels. 
If the circulation be quickly re-established, the vitaKty of 
the tissues may not become impaired ; but if not, the 
part may undergo a process of molecular disintegration 
and sottening, the softened tissue often being surrounded 
oy a zone of hyperasmia which results from the attempt 
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to establish a collateral circulation. It is in tisanes with 
terminal arteries that the interference is most marked, 
and here the hsemorrhagic infarction which so often results 
from embolism may occur, although owing to the more 
gradual obstruction of the circulation, it is less likely to 
do so. (See " Embolism.") 

3. EmhoUam. — ^Portions of the thrombus may be carried 
away by the circulation, thus constituting embolism. 
This, which is the most important result of thrombosis, 
will be considered in the following chapter. 



CHAPTER XXVII. 

EMBOLISM. 

Embolism is the aarest of solid substances circulating in 
the blood in vessels which are too small to allow them to 
pass. The solid substances are termed emboli. These 
are very various in their nature. 

By far the most frequent source of emboli are thrombi, 
portions of which are carried from the seat of their for- 
mation by the circulation, and become arrested in distant 
vessels — thus constituting embolism. A thrombus may 
give rise to emboli in various ways. It may soften and 
break down, and if the lumen of the vessel be thus restored, 
its fragments become distributed by the blood-current. In 
those cases in which the thrombus does not fill the vessel, 
portions of it may readily be carried away by the blood 
passing over it. Perhaps, however, the most frequent way 
in which a thrombus gives rise to embolism is by its conical 
end being broken off by the current of blood from a col- 
lateral vessel. The formation of a thrombus, as already 
described, usually ceases opposite the entrance of a large 
collateral vessel, and if its conical end project a little way 
into the cavity of this vessel it may be readily broken off 
by the blood-current. (Fig 68.) It is especially venous 
thrombi which give rise to embolism ; the veins of the leg, 
the ihac, hypogastric, and jugular veins being amongst the 
most common sources. Emboli from cardiac thrombi aw 
also exceedingly common, whilst those from arterial are 
the least frequent. In embolism originating from a 
thrombus, some sudden movement or exertion often 
determmes the separation of the embolus. 



Emboli may, however, originate independently of 
thrombi ; — vegetationa and calcareous or atheromatons 
1 separated from the valves of the heart, or from 
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the inner Borfa^e of arteries; portions of new growths, as 
carcinoma, which having perforated the vessels, have 
been carried away by the current ; parasites which have 
made their way into the interior of vessels ; fluid fat 
which bos escaped from the faf^cfllls and entered ruptured 
blood-vessels, snch as occasionally occnra in fractures of 
bono, &C. ; pigment granules, and other substances, may 
all constitute emboli. 

The emboh become arrested in the first vessels they 
meet with which are too small to allow them to pass : 
the size of the vessel will consequently depend upon the 
size of the embolus. They are often so minnte that they 
pass into and become impacted in the smallest capillaries. 
The seat of impaction is asoally at the bifurcation of the 
vessel, or, where, from the giving off of branches, the 
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calibre is dimimshiiig rapidly. (See Fig. 69.) Thus 
emboli originatiiig in the systemic veins or in the right 
cardiac cavities, will most commonly become arrested in 
the vessels of the Inngs ; those originating in the arteries, 
the left cardiac cavities, or the pulmonary veins — ^in the 
systemic arteries and capillaries, especially in those of 
the spleen, kidneys, and brain ; and those originating in 
the portal venons system — ^in the hepatic branches of the 
portal vein. In some cases, however, the smallest emboH 
may pass through the capillaries of the lungs and become 
arrested in those of the kidney, spleen, or other organs. 
Thus, with the exception of emboli originating in the 
portal vessels, the seat of arrest is the arteries or 
capillaries. 

The emboli are usually carried in the direction of the 
main current ; hence those carried by the aortic stream 
more commonly pass into the thoracic aorta than into 
the carotid and subclavian vessels, and into the left carotid 
and renal artery than into the corresponding arteries of 
the opposite side. Gravitation also influences the direc- 
tion in which they are carried, especially those of large 
size, which move somewhat more slowly than the blood- 
stream. Owing to this they are more common in the 
lower lobes and posterior parts of the lungs than in the 
superior and anterior portions of these organs. 

The embolus, when arrested, may either completely or 
only partially fill the cavity of the vesseL K, as is fre- 
quently the case, the arrest takes place at a point of 
bifurcation, the embolus may partially fill both branches, 
allowing a small stream of blood to pass. This may 
break off portions of it, and so cause secondary emboli, 
which become impacted in more distant vessels. The 
amount of obstruction which immediately follows the 
arrest wDl partly depend upon the nature of the embolDS - 
itself. If the embolus be from a soft, recently formed 
thrombus, it will adapt itself to the cavity of the vessel, 
and so completely occlude it. If, on the other hand, it is 
irregular in shape and firm in consistence, as when derived 
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from a calcified cardiac Te^etation, it may not fill the 
vesael, but allow a amall current of blood to pass it. 

The arresi; of the embolus, and the consequent obstrnc- 
tion to the circulation, ia followed by the formation of 
thrombi behind and in front of it, which extend as far as 
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the entrance of the first large collateral vessels. (Fig. 69.) 
If the embolus does not completely fill the vessel, coagulnm 
is deposited in sncc^ssive layers .ipon its surface until the 
occlusion of the vessel is complete, and then the secondary 
thrombus extends, as in the former case, until it meets 
vith a cturent of blood strong enough to arrest its pro- 
gress. If the embolus is a portion of a soft thrombus, it 
will in most cases be impossible to dietingnish it from the 
secondary thrombus which surrounds it. If, however, it 
is a calcareous mass, or a portiou of an old thrombus, 
it may usually be distinguished from the more recent 
secondary coagulnm. 

Emboli may, in rare cases, become absorbed. They 
may also, when derived from thrombi, become organised 
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or soften. The changes in the secondary thrombi are 
similar to those already described as occurring in the 
primary — comprising adhesion to the wall of the vessel, 
softening, and organisation. 

Results. — The results of embolism are of two kinds— 
those depending upon the mechanical obstruction to the 
circulation, and those produced by the irritating or in- 
fective properties of the emboli themselves. 

Changes in the Obstructed Vessels. — The first series of 
changes are those occurring in the walls of the vessel 
within which the embolus becomes arrested. These 
changes depend upon the mechanical and physiological 
properties of the embolus. If the embolus possesses no 
infective properties, being derived from a source where no 
septic changes are taking place, it, together with the 
thrombus which it causes to form around and beyond 
it, usually becomes organised or reabsorbed, and the 
walls of the vessel become more or less thickened. Or, if 
the embolus has rough surfaces, as when derived from a 
calcareous vegetation in the heart, it may produce some 
inflammation of the vessel. When, on the other hand, 
the embolus is impregnated with septic pus, or with 
other putrid inflammatory products, it causes an inflam- 
mation and sloughing of the walls of the vessel within 
which it is impacted, which may extend for some distance 
into the surrounding tissues, precisely similar to what has 
been already described as occurring in the walls of a vein 
which contains a puriform thrombus. 

The vessels also undergo important changes as the 
result of deprivation of arterial blood. Owing to these 
changes, which have been already described in the chap- 
ter on Local Anasmia, the vessels lose their power of 
retaining the blood, allowing the liquor sanguinis and 
blood corpuscles to escape, and ultimately they become 
necrotic and rupture. (See " Hsemorrhagic infarction.") 

Allusion must be made here to embolism as a cause of 
aneurism. That aneurisms, especially of the cerebral 
arteries in young people, are often due to embolism id 
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now pretty generally admitted by pathologists. With 
regard to the mode in which the embolus causes dilata- 
tion of the artery, although this may differ in different 
cases, an injurious influence of the embolus upon the 
walls of the artery, and a consequent inflammatory 
softening of the vessel, is probably the most common 
condition. 

Changes in the Organ. — Important changes take place 
in the organ or tissue, the vessels of which have become 
plugged by the embolus. The first effect of the plugging 
of a vessel by an embolus, is the arrest of the circulation 
through it, and if the vessel be the main nutrient or 
functional artery, this is followed by the sudden cessa- 
tion of the function and nutrition of the part. Thus, 
plugging of one of the larger arteries in the brain is fol- 
lowed by sudden loss of consciousness and paralysis 
(apoplexy) ; plugging of the pulmonary artery, by sudden 
asphyxia; and of the coronary arteries, by sudden 
paralysis of the heart. The subsequent changes will 
depend upon the structure of the organ, the arrangement 
of its vessels, the facility with which a collateral circula- 
tion can be established, and the nature of the embolus. 
If the circulation be quickly restored by the collateral 
vessels, a sufficient arterial anastomosis being established 
behind the obstructed artery, the part recovers itself 
without undergoing any structural change, and its nutri- 
tion and functions are restored. If, however, this is not 
the case, the vessels and surrounding tissues may ulti- 
mately lose their vitality. The interference with the cir- 
culation is partly due to the thrombosis which occurs 
around the impacted embolus. The organs in which the 
^.rrangement of the blood-vessels is such that the circu- 
lation cannot be readily restored by the anastomosing 
vessels, and consequently those in which necrotic changes 
most commonly result from embolism, are the spleen, the 
kidneys, the lungs, th§ brain, and the retina. (Fig. 70.) 
These arteries with which anastomoses do not exist 
are called by Cohnheim, as. already stated, ** terminal" 
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arteries (aee " Local AnEemia.") The area of tiaane from 
which the enpply ,of blood has been cnt off is nsnaJlj 
SDrroanded bj a zone of intense hjpenemia, which resnJts 
from the etress which is thrown npon the collaleral 
Fro, 70. 
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vesselB. The zone of hypenemia is very characteristic, 
and indicates at once the nature of the leeiou. 

When, owing to the absence of sufficient arterinl 
anastomosis (when terminal art«ries are blocked), the 
circnlation cannot be restored, the Tessele in the embolic 
area become so ranch alt«red that exudation, emigration, 
and htemorrhage mav take place, and thna may be pro- 
duced a tract of tisane within which the circnlation has 
become arrested, and which is more or less extensively 
infiltrated with blood. This is known aa a hcBmoTrhagic 
infarct. These hemorrhagic infarcts are very freqnently 
met with, eapecially in the longs, spleen, and kidneys. 
They are blackish-red, firm m^ses of consolidation, and 
owing to the distribntion of the blood-vessels they are 
-sually wedge-shaped, the apex of the cone being towanis 
centre of the organ. The more complete the obetruc- 



tioa and i^e more va,8Calar the tisane, the greater is the 
amount of infarction, and the more rapid ia the aoften- 
ing and dieiiit«gratioii that enenea. (Fig. 71.) 




This vaBCnlar engorgement of the embolic area waa for- 
merly supposed to be dne to the increased stress which is 
thrown on the collateral vessels. The investigations of 
Cohnheim, however, already alluded to, ahow that it ia 
really mainly owing to the fact that when the force of the 
blood-atream in the artery is Binnihilated by the impac- 
tion of the embolus, there is a backward pressure and 
regurgitation from the veins into the capillaries, so that 
there is produced considerable veuoQS engorgement of the 
last-named veaaels. The vitality of the vessels gradually 
becoming so much impaired that they are unable to re- 
tain the blood, this escapes into the tissues. (See " Local 
Anffimia.") The infarction consequently does not occur 
immediately after the impaction of the embolus, but only 
after the lapse of a certain time. 
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The sabsequent changes which take place in the infarct 
depend npon its size, upon the extent to which the circa- 
lation in it is interfered with, and upon the nature of the 
embolus which caused the infarction. If the infarct is 
small and the embolus possesses no septic properties, 
the coagulated blood may gradually become decolorised, 
and the mass undergo a gradual process of absorption. 
The infarct then changes from a dark red to a brown or 
yellow tint, its more external portions become organised 
into connective tissue, and the whole gradually contracts, 
until ultimately a cicatrix may be all that remains to 
indicate the change. If, however, the infarction is con- 
siderable, the central portions may undergo a certain 
amount of molecular disintegration and softening. This 
may subsequently dry up and become encapsuled. In all 
these secondary changes which take place in the infarct, 
its most external portions are surrounded by a red zone 
of hyperaemic tissue. This is exceedingly characteristic. 

If an embolus possesses septic properties, as when it is 
derived from a part where putrefactive inflammatory 
changes are going on, it sets up similar inflammatory 
processes both in the vessel within which it becomes 
impacted, and also in the surrounding tissues. These 
septic inflammatory changes lead to the formation of 
abscesses, which are known as embolic or metastatic 
ahscessea. The formation of the abscess may be associated 
with more or less infarction and necrosis of the embolic 
area. Colonies of bacteria are almost invariably found 
in these abscesses, and it is to the presence of these 
organisms that the infective properties of the embolus are 
probably due. This subject will be considered further in 
the chapter on " SepticsBmia and PyaBmia." 



THROMBOSIS AND EMBOLISM OP THE BBAIN. 

Thrombosis and embolism are the most common causes 
of cerebral softenings. 

Softening from Thrombosis,— Tlds is commonly the 
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result of atheromatons, calcareous, or syplulitic changes 
in the cerebral arteries. Such changes cause a diminution 
in the lumen or a roughening of the internal surface of 
the vessels, impair their elasticity and contractility, and 
eo favour the occurrence of thrombosis. As a result of 
the interference with the supply of blood, the cerebral sub- 
stance undergoes a more or less rapid process of necrosis, 
such as .has been already described. (See " Cerebral 
Softening.") The softened portions, when recent, and 
when the obstruction is rapidly induced, are often of a 
reddish colour, although with age they gradually become 
decolorised. In the more gradually induced obstructions 
the colour of the softened tissue is usually white. 

Softening from Emholism. — The softening resulting 
from embolism is, for the most part, entirely dependent 
upon the obstruction to the circulation caused by the 
embolus and by the resulting thrombosis. It is rapidly 
induced and is often attended by the extravasation of 
blood, when it constitutes one form of acute red soften- 
ing. If the interference with the circulation be slight, 
there may be no extravasation of blood and the process 
of disintegration may be more gradual, so that the 
softened portions are white in colour, and the condition 
then more resembles the chronic white softening already 
described as resulting from degeneration of the cerebral 
blood-vessels. (See " Cerebral Softening.") The softened 
tissue will also be white in colour when one of the large 
vessels is obstructed, so that a large portion of one hemi- 
sphere loses its vitality. The vessel most frequently 
blocked is the middle cerebrarartery, in some part of its 
course ; and in the majority of cases it is that of the left 
side. In almost all cases in which softening of the cere- 
bral substance results from embolism, the embolus is 
arrested in one of the vessels beyond the circle of Willis, 
because here the circulation cannot be readily restored by 
the collateral vessels. 

When the interference with the circulation is attended 
by vascular engorgement and extravasation of blood, the 

R 
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softened portion, in the early stage, is either of a uniform 
dark-red colour, or presents numerous red liaBmorrliagic 
points. The softening is most marked in the centre, 
whilst the hypersBmia and redness may extend for some 
distance around it. Under the microscope, the softened 
portion is seen to consist of broken-down nerve fibres, 
altered blood-corpuscles, granules of fat, and the large 
granular corpuscles already described. (See Fig. 15.) The 
surrounding capillaries are dilated and filled with coagula, 
and the granular corpuscles envelop their walls. In a 
more advanced stage all trace of nervous structure is lost, 
the softened mass becomes decolorised, and passes from a 
dark-red colour to a chocolate, brown, yellow, or even 
white. It may liquefy and form a cyst ; more commonly, 
however, it gradually dries up, and a process of repair 
takes place by the growth of the surrounding neuroglia, 
which forms a fibrous net- work in the place of the softened 
tissue. Tliis contracts, and ultimately a cicatrix with 
hasmatoidin crystals may be all that remains. 

Bed softening from embolism is often very difficult to 
distinguish in the post-mortem room from that which 
r^^sults from thrombosis. 



CHAPTER XXVIII. 

LEUILEMIA. 

Leukemia, or leucocythaBmia, is a disease characterised 
by a considerable and permanent increase in the number 
of white corpuscles of the blood, by a diminution in the 
number of the red corpuscles, and by enlargement of 
some of the lymphatic organs. The lymphatic organ 
most frequently involved is the spleen. This is enlarged 
in the great majority of cases (Splenic Leukaemia). The 
enlargement of the spleen is sometimes associated -with 
enlargement of the lymphatic glands, and sometimes, 
although much less frequently, with an increase in the 
medulla of bones. In rare cases the lymphatic glands 
only are involved (Lymphatic Leuk8Bmia),and cases have 
been described by Neumann and others in which' the 
osseous medulla was principally affected. In most cases 
of leukaamia an overgrowth of lymphatic tissue in other" 
organs occurs sooner or later in the course of the 
disease. 

Leucocytosis, — Before proceeding with the consider- 
ation of leukaemia it will be well to allude briefly to that 
slight aud temporary increase in the number of white 
blood-corpuscles which has been termed ** leucocytosis." 
This differs essentially from leukaemia in this respect, that 
the increase in the numberof white corpuscles is only tem- 
porary, and is not necessarily associated with any diminu- 
tion in the number of the red. Further — the increase is 
never nearly so great as in leukaemia, rarely more than 
forty or fifty being seen in the quarter- inch field of the 

microscope. 

B 2 
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SucH slight and temporary increase in the number of 
white blood-corpuscles occurs in many conditions. Physio- 
logically, it occurs after a meal, and in the latter months 
of pregnancy. In many of the acute pyrexial diseases, 
especially in those in which there is acute swelling of 
lymphatic structures, as in typhoid and scarlet-fever, 
and in septicsemia, there is often a marked excess of white 
corpuscles. After large losses of blood also, there is an 
increase. These conditions are only temporary, and do 
not appear to interfere either with the circulation or with 
the general health. 

Pathology. — The pathology of leukaemia is still exceed- 
ingly obscure, and will probably remain so until our 
knowledge of the physiology of the blood and the origin 
and fate of the blood-corpuscles is more complete. 
Physiologically, we know that the white corpuscles 
originate in the lymphatic organs, from which they pass 
into the blood, -either directly or through the lymphatic 
vessels; and it is now generally believed that the red 
corpuscles originate from the white, the latter being 
transformed mainly in the spleen. Owing to the enlarge- 
ment of one or more of the lymphatic organs which 
always exists in leukaemia, it has been supposed that the 
increase in the number of the white corpuscles which 
characterises the disease is due to their excessive produc- 
tion by the enlarged organs, such as occurs in some cases 
of leucocytosis. Inasmuch, however, as there is not only 
an increase in the number of white, but a diminution in 
the number of red, this hypothesis is insufficient to 
accouut for the blood change. Further — ^lymphatic organs 
may become enormously enlarged without the production 
of any leukaemia. This occurs, for example, notably in 
the spleen in Splenic AncBmia, which disease, with the 
exception of the increase in white blood-corpuscles, is 
precisely similar to leukaemia; and also in the lymphatic 
glands in Hodgkin's disease. Although, as already stated, 
the subject is still involved in much obscurity, the view 
promulgated by Yirchow more than twenty years ago 
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accoants moat satisfactorily for the blood change : — it is 
that the normal transformation of white oorpusoleB into 
red ie imperfectly performed, so that not only is the 
□umber of whit« increased, bat that ot the red diminished. 
It is probable that this diminished transformation of the 
white corposoles ia the most important element in most 
cases of leukemia, although it may be associated with an 
increased production. Both the diminished transfor- 
mation ami the increased production talce place in the 
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enlaced lymphatic orfrans, and all we can say at present 
in explanation of the process is, that thefnoetion of one 
or more of these organs is imperfectly performed. The 
enlargement of the lymphatic organs is with little donbt 
dne to new growth, and not, aa has been snggested bj 
some, simply to the aecumnlation within them of the 
white corpascles which exist in snch large numbers in the 
blood. 

Histology.— Biooi.— The diminution in the nnmber ot 
white corpnscles varies very considerably in different 
cases. A proportion uf one whit« to ten red is qnilfl 
common, and often there are as many as one to three. 
(Fig. 72.) This increase gives to the blood a paler and 
more opaque appearance than natural. In the earlier 
stages of the disease the proportion may not be more 
than one to twenty or forty. The white corpnscles somiv 
times resemble the natural ones, but often they are some- 
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what larger and more grannlar. This is especifJly the 
case in aplenic leakninia, whereas when the Ijmphatic 
glandB are principallj affected, many of the corpnecleB are 
TianBillj smaller than natnraJ. Some of them are often 
more or leas fattilj degenerated. 

The led corpasclee, like the white, vary in the diminu- 
tion of their number. Tbey may he rednced to one 
half or a qnarter the normal. They are usually aatnial 
in appearance, bnt aometimeB they are distinctly paler 
than io health. Occasionally they appear to be annsnally 
soft, and exhibit a tendency to stick together instead of 
formins the uattiral rouleaux. In a case of splenic 

Fia.T3, 
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ancemia recently under my care these characters were 
especially marked. (Fig. 73.) The diminution in the 
number and the impairment of the quality of the red 
corpuscles, which eiists notonlyin lenktemia bot in moat 
cases of great splenic enlargement, accounts for the 
antemia which exists in these conditions. In addition to 
the red and white corpuscles, Klebs and others have 
found nncleated red corpaaclea !□ lenbtemic blood ; and 
minnfe, colourless, octohodral crystals of an albnroinous 
character have been discovered by Charcot and Zenker id 
the blood and certain organs. The coagulating power of 
" blood in lenksmia ia mnch diminished, and when the 
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liquid is allowed to stand the' white corpuscles form a 
creamy layer upon its surface. 

Spleen, — In this, which is much the most important 
organ in the production of leukaemia, the change is 
characterised mainly by increased growth. The organ 
becomes enlarged, and usually enormously so. The 
enlargement is uniform, so that the shape of the organ is 
but little altered. The capsule is often thickened, and 
there are usually adhesions with the adjacent viscera. 
The consistence in the later stages is commonly distinctly 
firmer than natural. The cut surface is smooth,* of a 
g^reyish or brownish-red colour, and thickened trabeculse. 
can often be seen marking it as whitish lines. The 
Malpighian corpuscles, although they may be slightly 
enlarged in the earlier stages of the disease, are seldom 
prominent, and they are often not visible when the splenic 
enlargement is advanced. In exceptional cases, however, 
and especially when the lymphatic glands are involved, 
they may form prominent growths. Sometimes wedge- 
shaped masses of a dark red or reddish-yellow colour are 
seen near the surface of the organ. These are probably 
infarctions of embolic origin. 

When the spleen is examined microscopically, its struc- 
ture is found to be but little altered, the enlargement 
being due mainly to an increase of thp splenic pulp. The 
trabecular tissue is also increased and thickened, and 
becomes increasingly so as the splenic enlargement 
advances. The Malpighian corpuscles are but little in- 
creased in size, and sometimes they are atrophied. 

Lym/phatic Glands, — The enlargement of the lymphatic 
glands is much less in splenic leukaemia than in those cases 
in which the glands are primarily and principally affected. 
In splenic leukasmia one or more groups of glands are 
slightly enlarged in about one-third of the cases. The 
glands are rarely increased in consistence, and are usually 
freely movable. On section they are of a greyish-red 
colour, often mottled with heemorrhages. Microscopically, 
the enlarged glands present a normal structure. 
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In some cases this excessive deyelopment of lympliatic 
strnctares takes place in other parts. The follicles of 
the intestine, and the medulla of hone, are those most 
commonly involved. In the intestines, the follicles may 
become so much enlarged as to form distinct projections 
from the mncons membrane, although this is less 
common than in Hodgkin's disease. The enlarged 
follicles may also ulcerate. The medulla of boues is 
occasionally increased, and, as already stated, cases have 
been described in which this tissue was primarily and 
principally affected. - It is increased in quantity and 
altered in quality. It is usually softer than natural, and 
of a greyish or greyish-yellow colour. Microscopically, 
the fat cells are seen to be replaced to a great extent by 
lymphoid elements. 

In the conree of the disea^ a new growth of lymphatic 
tissue or an infiltration with lymphatic elements usually 
takes place in non-lymphatic structures, principally in 
the liver and kidneys, less frequently in the lungs and 
muscle. The new growth in these organs sometimes 
forms distinct tumours, but much more commonly exists 
as an infiltration. How far these lymphoid growths 
are the result of a hyperplasia of the cells in the inter- 
stitial tissue of the organ in which they are situated, and 
how far an emigration of the leucocytes, which exist in 
such large numbers in the blood, takes part in their 
formation, is unknown. The former, however, is probably 
the most important factor in the process. 

The organ which is most frequently affected is the 
liver. Here the vessels generally are enlarged and dis- 
tended with white blood-corpuscles. Accumulations of 
corpuscles and lymphoid tissue are seen between the acini, 
and extending along the intercellular network into the 
acini themselves, so that the lobules are sometimes 
seen to be clearly mapped out by a greyish-white inter- 
lobular infiltration. As this increases, the liver-cells 
become compressed and atrophy, until ultimately the 
lobules may be replaced entirely by it. Associated with 
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this infiltration there is usually a formation of small, 
round, whitish l3nnphoid nodules, somewhat resemhling 
g'rey tubercles. These also are situated in the interlobular 
tissue. Owing to these changes, the liver becomes very 
considerably increased in size. 

In the kidneys, which are also frequently affected, the 
change is similar to that in the liver. Here also it con- 
sists for the most part in an infiltration, with which may 
be associated the formation of roundish nodules and 
masses. 



CHAPTER XXIX. 

INFLAMMATION. 

The morbid processes which have thus far been described 
have been characterised mainly by alterations in the 
nutritive activity of the histological elements of the 
tissues ; or by changes in the circulation, or in the blood. 
In inflammation some alteration in the walls of the blood- 
vessels appears to be the essential part of the process. 

Inflammation may be defined to be the succession of 
changes which takes place in a living tissue as the result 
of some kind of injury, provided that this injury be in- 
suflicient immediately to destroy its vitality. With re- 
gard to the nature of the injury— -it may consist in some 
direct damage to the tissue, either by mechanical or 
chemical agents, or by substances conveyed to it by means 
of the blood-vessels or lymphatics ; or the injury may be 
indirect, as in some cases of inflammation of internal 
organs arising from exposure to cold. In all cases, how- 
ever, some injury of the tissue — an injury which impairs, 
and if of sufficient intensity would destroy, its vitality — 
precedes the occurence of the local changes which con- 
stitute the inflammatory process. 

The exact nature of these changes has, for the most 
part, been ascertained during the past twelve years, 
mainly owing to the experimental researches of Professors 
Cohnheim, Strieker, and Burdon Sanderson. The method 
of investigation has consisted in the artificial production 
of inflammation in the lower animals, and the obser- 
vation of the process as thus induced. The process 
comprises — 
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1st. Changes in the hlood-vesseh and circulation. 

2iid. Exudation of liquor sanguinis and migration of 
hlood'corpuscles ; and 

3rd. Alteraiions in the nutrition of the inflamed tissue. — 

It will be well, in. the first place, to consider each of 
these separately, in the order in which they occur, and 
subsequently to endeavour to point out how far a causal 
relation exists between them. 

I. Changes in the Blood- Vessels and Cikculation. — 
Changes in the blood-vessels and circulation, resulting in 
increased vascularity, have ever been regarded as playing 
a most important part in inflammation, as upon them 
principally depend those signs of the process which are 
most obvious during life. The redness, heat, and swell- 
ing, which are so constantly met with in inflamed tissues, 
are in great measure due to the attendant hyperaemia^ 
The swelling, however, is in most cases dependent rather 
upon the effusion than upon the over-fulness of the blood- 
vessels. 

These changes in the blood-vessels and circulation are 
essential constituents of inflammation, both in vasculas 
and in non-vascular tissues. In the latter, which com- 
prise the cornea and cartilage, they take place in the 
adjacent vessels from which these tissues derive their 
nutritive supply. The nature of these vascular changes 
has been studied by the artificial production of inflamma- 
tion in transparent tissues, in which the circulation can be 
readily observed ; the web, mesentery, and tongue of the 
frog, and the wing of the bat, being most convenient for 
this purpose. The phenomena, as observed in the mesen- 
tery of the frog, which has been previously curarised, 
may be thus briefly described : — 

The first effect of injury of the mesentery — mere ex- 
posure to the air being sufficient for the purpose — is to 
cause dilatation of the arteries, and after some interval 
a similar dilatation of the veins and capillaries. The 
dilatation of the arteries commences at once, and is not 
preceded by any contraction. It gradually iiicreases for 
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about twelve hours, and is accompanied also by an in- 
crease in the length of the vessels, so that they become 
more or less tortuous. This enlargement of the blood- 
vessels is. associated at the commencement of the process 
with an acceleration in the flow of blood ; this, however, 
rarely lasts more than an hour, and is followed by a 
considerable retardation in the circulation, the vessels 
still remaining dilated. These alterations in the rapidity 
of the blood-flow cannot be owing to the increase in the 
calibre of the vessels, which remain throughout dilated. 

It has, however, long been known that the acceleration 
of the blood-flow in an injured part — the so-called deter- 
minatio7i- of blood, which was so correctly described more 
than thirty years ago by Dr. C. J. B. Williams, is not 
necessarily followed by retardation. It may gradually 
subside without retardation or any of the essential phe- 
nomena of inflammation taking place. Cohnheim has 
consequently stated in his more recent researches on 
inflammation, that the dilatation of the vessels and the 
increased velocity of the blood-current which ensue 
immediately after the infliction of the injury are only 
temporary and accidental. They may even, in some cases, 
be followed by contraction before the permanent dilatation 
commences. The permanent dilatation and diminished 
velocity, on the other hand, come on slowly and are per- 
■ manent, and these must be regarded as the proper vascu- 
lar phenomena of inflammation. These proper pheno- 
mena may be induced without the previous occurrence of 
the accidental ones.* 

Returning to the observation of the frog's mesentery— 
the retardation of the circulation in the dilated vessels is 
sometimes seen to take place somewhat suddenly, and 
it is usually first observable on the venous side of 
the capillary network. As the blood-stream becomes 
slqwer, the white corpuscles, which naturally tend 



• " Neue Untersuchungen ttber die EntzUndung,*' Cohnheim, 
1873. 
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to move slowly along the sides of the veins, gradually 
accumulate in these vessels, and ultimately they 
may nearly fill them. The red corpuscles also ac- 
cnmulate, but more especially in the capillaries; and 
tlius the veins and capillaries become filled with 
corpuscles. The circulation becomes slower and slower 
until in many of the vessels the blood almost completely 
stagnates, and the accumulated corpuscles oscillate 
slightly to and fro with the cardiac systole. This stagna- 
tion of the circulation in the dilated vessels constitutes 
the condition known as inflammatory stasis. Whilst 
these changes are taking place, the mesentery gradually 
"becomes increasingly obscured by small cell forms. 
These are white corpuscles which have emigrated from 
the vessels. The phenomena of emigration will be con- 
sidered subsequently. 

II. Exudation op Liquor Sanguinis and Migration 
OP Blood-Corpuscles. — Another constituent of the in- 
flammatory process consists in the exudation of the 
liquor sanguinis and the migration of the blood-cor- 
puscles. 

a. Migration of Blood- Corpuscles. — The migration of 
the white blood-corpuscles (leucocytes) through the walls 
of the blood-vessels was first described, although very in- 
* completely, by Dr. W. Addison in 1842.* This observer 
stated as the result of his researches, that in inflamma- 
tion these corpuscles adhered to the walls of the vessels 
and passed thorough them into the 'surrounding tissues. 
In 1846, Dr. Augustus Waller described more fully the 
same phenomenon, and from his description there can be 
little doubt that he actually observed the emigration 
of corpuscles.f Both these observers concluded that 
the escaped blood-corpuscles became pus-corpuscles. 
Their observations, however, were but little thought of 
and were soon forgotten, and it was not until 1 867, when 

* "Experimental and Practical Researches on Inflammation." 
Trajks. Prov. Med. Association^ 1842. 
t PhU. Magazine, vol. xxix. 1846. 
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similar iiiTestigationg were institated qaite independently 
by Professor Cohnheim, in Berlin — to whose minnte re- 
searches we mast ascribe most of our present knowledge 
on this snbject — ^that the emigration of blood-corpnscles 
came to occupy an important place in the pathology of 
inflammation.* 

The emigration may be obserred in the mesentery of 
a frog which has previonsly been paralysed by the snb- 
cataneons injection of cnrare. The changes in the 
blood-vessels and in the circulation, and the accnmnla- 
tion of blood-corpnscles in the part, have been already 
described ; it remains only to consider the phenomena of 
emigration. 

The white blood-corpnscles (lencocjrtes) which have 
accnmnlated in large numbers, especially in the veins, 
remain almost stationary against the walls of the vessel, 
the blood-current and red corpuscles passing by them, 
although with much diminished velocity. Those • im- 
mediately adjacent to the wall gradually sink into it, and 
pass through it into the surrounding tissue. In doing 
so they may be observed in the various stages of their 
passage. At fibrst small button-shaped elevations are 
seen springing from the outer wall of the vessel. These 
gradually increase until they assume the form of pear- 
shaped bodies, which still adhere by their small ends to 
the vascular wall. Ultimately the small pedicle of pro- 
toplasm by which they are attached gives way and the 
passage is complete, the corpuscles remaining free outside 
the vessel. A similar emigration takes place, but to a 
less extent, from the capillaries. From, the last-named 
vessels, however, the red corpuscles also escape although 
in fewer numbers ; whilst from the arteries no emigration 
occurs. The escaped corpuscles are continuously replaced 
by fresh ones, and as the process proceeds the vessels 



^9ber Entztindung und Eitemng:" Vlrchow's ^^Archiv,* 
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become obscured by the leucocytes whicb surround tbem. 
In tHose portions of the inflamed tissue where absolute 
stasis has occurred no emigration takes place. 

These phenomena can perhaps be better studied in a 
more localised inflammatory process, such as may be 
produced by the application of some injurious agent — a 
small piece of nitrate of silver, for example — to the 
tongue of the frog. Here, to quote from Cohnheim, in 
the most central portion of the inflamed area — that which 
is the most injured, there is absolute stasis, the blood 
usually coagulates, and no emigration takes place. This 
is due to the vitality of the vessels being completely 
destroyed by the injurious agent. (See " Thi*ombosis.") 
Outside this there is an area in which the blood is circu- 
lating very slowly, the capillaries are filled with red cor- 
puscles, many of which escape ; whilst more externally 
still, is an area in which the blood is less stagnant, and, 
abundant emigration is taking place, the white corpuscles 
escaping from the veins and capillaries, the red from the 
capillaries alone. The central area, which usually dies, 
is thus surrounded by an enormous number of red and 
white corpuscles; and the red corpuscles which have 
accumulated in this area are so closely packed that their 
outlines can scarcely be distinguished. 

/3. Exudation of Liquor Sanguinis. — Associated with 
the passage of the blood-corpuscles through the walls of 
the vessels, is an exudation of the liquor sanguinis. The 
exuded liquor sanguinis — which constitutes the well- 
known inflammatory effusion — differs from the liquid 
which trans ades as the result of increased pressure in the 
capillaries in mechanical congestion. (See " Mechanical 
Hyperaemi^.") It contains a larger proportion of albu- 
men, more phosphates and carbonates, and has a much 
greater tendency to coagulate. This latter property is 
mainly due to the white blood-corpuscles which it con- 
tains. (See " Thrombosis.") 

The most characteristic feature of inflammatory effu- 
sion is the large number of cell-structures which it con- 
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tains. The great majority of these are the white corpus- 
cles which have escaped from the vessels. A much 
smaller number are the escaped red corpuscles. These 
are the most numerous in the more severe forms of 
inflammation, where they may give to the effusion a 
hsemorrhagic character. Lastly, in inflammation of cer- 
tain tissues, especially epithelial and endothelial struc- 
tures, some of the cells met with in the effused liquid are 
derived from the proliferating elements of the inflamed 
tissue. The proportion of cells varies with the intensity 
and with the stage of the inflammation. The more 
intense the process the more abundant the emigration, 
and hence the more richly cellular the effusion. With 
regard to the stage of the inflammation — it may be stated 
generally that emigration is more abundant in the later 
than in the earlier periods, so that in the latter the effusion 
may be an almost clear liquid. 

The prominence of effusion or exudation as a con- 
stituent part of the inflammatory process will vary con- 
siderably according to the nature and anatomical charac- 
ter of the tissue inflamed. In non-vascular tissues, as 
cartilage and the cornea, exudation can only occur from 
the neighbouring vessels, and hence the effusion is found 
outside the part. In dense organs, as the liver, testicles, 
and kidney, owing to the compactness of the structure, 
a large amount of effusion is impossible, and what there 
is, is so intermingled with the structural elements that it 
does not appear as an independent material, but simply 
causes some swelling of the organ. In the kidney it 
escapes into the urinary tubes, and so appears in the 
urine. The effusion is most abundant, and constitutes 
an important visible constituent of the inflammatory pro- 
cess, in inflammation of those organs which possess a lax 
structure and in which the vessels are but little supported 
— as the lungs, and in tissues which present a free sur- 
face — as mucous and serous membranes. 

The absorption by the lymphatics from an inflamed 
Mssue has been shown experimentally to be considerably 
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increased. This increased absorption, as in the case of 
einiple mechanical effusions, tends to prevent or to dimi- 
nisli the accamnlation of liquid in the part. (See " Me- 
clianical riypersBmia.") 

III. Alteeations in the Nuteition op the Inflamed 
Tissue. — The remaining constituent of the inflammatory- 
process consists in alterations in the nutrition of the 
elements of the inflamed tissue. 

The question as to how far the cellular elements of the 
tissue participate in the process of inflammation is one 
-which even in the present state of our knowledge, owing 
to the difficulties which beset the histological examination 
of inflamed structures, admits only of an incomplete 
answer. The subject has, for the most part, been inves- 
tigated in the lower animals, in which inflammation has 
been artificially induced. In man, the study of the 
primary changes is difficult, owing to the fact that the 
process can rarely be observed in its earlier stages. These 
changes will be more fully described when considering 
inflammations of particular organs and tissues ; it will 
be sufficient in the present place merely to indicate their 
general characters. 

The alterations in nutrition which accompany inflam- 
mation are in certain tissues characterised by an exalta- 
tion of the nutritive functions of some of the cellular 
elements involved in the inflammatory process. This is 
evidenced by an increase in the activity of those elements 
•which normally exhibit active movements, as the amoeboid 
cells of connective tissue and of the cornea. Cells, which 
nnder normal circumstances undergo no alterations in 
form, and exhibit no active movements, become active — 
sending out processes, and undergoing various alterations 
in shape. (Fig. 74) This increase in the activity, and 
variation in the form of the cells, is usually accompanied 
by the growth of their protoplasm, and frequently by its 
division, or by vacuolation and endogenous development, 
and thus by the formation of new cells. In many cases 
the protoplasm, as it increases in bulk, becomes cloudy 

s 
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and granular, so mucli so as frequently to completely 
obscure any nuclei which it m&j contain. This occurs 
especially in epithelial elements, and it constitutes the 
condition known as " cUmdy swelling" It is weU seen 
in the glandular epithelium of the kidney in acute tubal 
nephritis. (See Figs. 117 and 118.) 

A few years ago the cells of nearly all tissues were 
believed to exhibit these active changes in inflammation, 
and many of the young elements which abound in in- 
flamed parts were regarded as the products of their pro- 
liferation. As our methods of histological investigation 

Fig. 74. 




AmceUHd Leucocytes, (v. Becklinghansen.) 

improve, however, and especially since the introduction of 
the chloride of gold process by Cohnheim, it has become 
increasingly obvious that the part which is played by the 
cells of the tissue in inflammation is much less than was 
formerly supposed ; and that in most cases the young 
elements which infiltrate the inflamed structure are solely 
escaped leucocytes. 

The physiological peculiarities of the cellular elements 
appear to influence very considerably their liability to 
undergo these active changes in inflammation. The cells 
m which active changes undoubtedly occur are those 
which are normally active, and in which growth and 
proliferation are associated with the maintenance of the 
tissue of which they are constituents. Such are epi- 
thelial elements. The activity of these is increased in 
the process of inflammation, and it is in inflammation of 
the skin, of mucous membranes, and of glandular 
structures, that cellular activity and proHferation are so 
constantly met with. The same is also true to a less 
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extent of endothelium, as is exemplified in inflammations 
of serous membranes. In those cells, on the other hand, 
in which normally no active changes take place, as the 
fixed cells of connective tissue and of the cornea, and 
probably also those of cartilage, it is doubtful if any 
activity is manifested in inflammation. The age of the 
cells probably also influences their tendency to become 
active, the younger being less stable and more prone to 
proliferate than the older elements. 

Although the earlier alterations in the nutrition of the 
cellular elements are thus in some cases those of increased 
activity, the tissue changes in inflammation are, in the 
main, characterised by impairment of nutrition. The 
■well-known effect of inflammation is to injure the part 
affected by it. This injurious influence is due to several 
causes. The'initial injury which produces the vascular 
phenomena must, in many cases, damage the tissue out- 
Bide the vessels before it can influence the vessels them- 
selves. The most important interference ^vith nutrition, 
however, is due to the stagnation of the circulation, and 
to the infiltration of the tissue with the inflammatory 
products which have escaped from the blood-vessels. 
(See ** Suppuration.") If the inflammatory process be of 
considerable intensity and stasis be induced in a wide area 
of the tissue, the nutrition may become completely 
arrested, and necrosis be the ultimate result. (See 
" Causes of Necrosis.") In inflammations of less intensity, 
the destruction of the tissue is less marked, the young 
cells which infiltrate it may undergo fatty degeneration 
and become absorbed, and the part thus recover more or 
less completely its former condition. In other cases, 
especially in the less severe forms of inflammation, many 
of the young cells undergo progressive changes and lead 
to the development of a permanent tissue, which is, how- 
ever, for the most part, inferior in its organisation to 
the parent structure. (See " Terminations of Inflam- 
mation.") This tendency of the new elements in inflam- 
mation to undergo progressive development will vary 

s 2 
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with tHe tissne involved, and witH tlie intensity of the 
inflammation. The more intense the inflammation, the 
more abortive are the young cells, and the less is their 
tendency to form a permanent tissne. (See " Acute and 
Chronic Inflammations.") 

In connective tissues, these changes in the cells are 
necessarily accompanied by changes in the intercellular 
substance. The latter are for the most part characterised 
by softening. In common connective tissue the fibres in 
the first place become swollen and less distinct, and 
ultimately they are completely destroyed ; in cartilage 
the matrix softens and liquefies ; in bone, the lime-salts 
are removed, the lamellse disappear, and the osseous 
structure becomes converted into medullary tissue. Hence 
the destructive effects of the inflammatory process. 



Having thus briefly described the succession of changes 
which occur in the process of inflammation, it remains 
to consider in what way these result from the injury of 
the tissne, and how far a causal relation subsists between 
them.* 

The first apparent change which follows the injury of 
the tissue consists in the dilatation of the blood-vessels, 
and in an deceleration of the flow of blood. This accelera- 
tion of the circulation which, as has been said, does not 
invariably occur, is precisely similar to that which results 
from injury of a sensory nerve (see " Active Hyper- 
SBmia") ; and in a previous edition of this work it was 
stated that the primary vascular phenomena in inflamma- 
tion were probably due to injury of the sensory nerves of 
the part, although such injury could not explain the sub- 
sequent and essential retardation of the blood-flow. The 



* The following conclusions are in the main those arrived at by 
Professors Strieker and Burdon Sanderson. — Holmes's System qf 
Svryery, vol. v. See also Lectures on the " Pathology of the Pro- 
cess of Inflammation," by Professor Sanderson.— Zancc<, vol. L 



INFLAMMATION. 261 

more recent investigations of Oohnheim, however, wliich 
liave been already quoted, render it necessary that this 
statement shonld be considerably modified. Cohnheim 
produced precisely the same phenomena in the tongue of 
tlie frog after everything had been cut through with the 
exception of the lingual artery and vein, as those which 
occur in the intact animal ; and also, in another case, 
after complete destruction of the brain, medulla, and 
spinal cord ; and he considers that the vascular dilatation 
and accelerated blood-fiow are due to the direct in- 
fluence of the injurious agent upon the waUs of the hlood- 
vessels, and are quite independent of nervous influence. 
These experiments therefore appear to prove conclusively 
tliat the initial injury of the blood-vessels is not neces- 
garily reflex, although they do not exclude the possibility 
that it may be so under certain circumstances. 

The retardation of the blood-stream which so quickly 
succeeds its acceleration, the essential and sometimes 
primary phenomenon of inflammation, differs so much from 
all non-inflammatory forms of hypersamia, that its ex- 
planation has ever engaged the attention of pathologists. 
Abnormal conditions of the blood, of the tissues, of the 
walls of the blood-vessels, and of innervation, have at 
different times been supposed to acccount for it, but it 
is now satisfactorily established that it is due to some 
alteration in the pro^ierties of the walls of the blood- 
vessels through which the blood passes. That the re- 
tardation and ultimate stagnation of the blood-stream 
in acnte inflammation is due to alterations in the walls of 
the blood-vessels and not to changes in the blood itself, 
was first shown by Mr. Lister.* Mr. Lister proved ex- 
perimentally that the blood removed from an inflamed 
part did not differ in the tendency of the red blood- 
corpuscles to cohere to one another from normal blood ; 
and he concluded that the accumulation of the red 



• ^On the Early Stages of Inflammation.*' — PhUosopb, Dram^ 18d8. 
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corpuscles in inflamed tissnes, and tHeir adhesion to one 
another and to the walls of the vessels, was owing to their 
natnral tendency to cohere together when in abnormal 
circumstances, snch as occurs after their removal from the 
body ; and that this cohesion in inflammation which leads 
to stasis was dne to impaired vitality of the walls of the 
blood-vessels. This conclusion of Mr. Lister has been 
verified by more recent investigations. Byneck has shown 
that stasis may be produced in the web of a frog, in 
which milk or defibrinated blood has been injected in 
place of the normal blood ; and also that in vessels, the 
vitality of which has been completely destroyed by the 
injection of poisonous metallic substances, no stasis can 
be produced.* The investigations of Prof. Cohnbeim are 
still more conclusive. Cohnheim ligatured the ear of a 
rabbit at its base with the exception of the median artery 
and vein, and emptied the vessels of their blood by the 
injection of a weak saline solution. He then injected 
into the emptied vessels various irritating solutions, and 
on again allowing the blood to flow through the thus 
injured vessels all the phenomena of inflammation 
ensaed.f His experiments, already described when 
speaking of local anssmia, the result of which was to 
show that if the circulation in any organ (as the ear of 
the rabbit) be completely arrested for a sufficient length 
of time by the simultaneoas occlusion of the arteries and 
veins, and then the blood be again allowed to circulate, 
dilatation of the vessels, hypersBmia, stagnation, exuda- 
tion, and ail the phenomena of inflammation take place 
in the part, also prove that an injury to the walls of the 
blood-vessels caused by depriving them, for some time, of 
arterial blood, is followed by retardation of the circulation 
and the subsequent phenomena of inflammation. The 
results of these experiments appear to be conclusive, and 



* Ryneck, " Zur Kenntniss der Stase des Blutes in den Grefassen 
EntzUndeter Theile."— Rollet's Untersuch. aus dem InsiUuU fw 
Phya. u, IHstol. in Graz. 

i "Neue Untersuchungen ttberdie Entzttndnng,** Cohnheim, 1878 



INFLAMMATION. 263 

allow that the retardation and nltimate stagnation of the 
blood-stream in inflammation, are owing to some impair- 
ment of the vital properties of the walls of the blood- 
vessels with which the circulating blood comes into 
contact. 

In explanation of the phenomena of exudation and 
emigration, which take place coincidently with the re- 
tardation of the blood-stream, it may be stated in the 
first place that these are not dne to any increased blood- 
pressure such as exists and accounts for the exudation in 
mechanical hypersBmia, inasmuch as the pressure within 
the vessels of an inflamed area is less than natural. 
Neither can they be due to the enlargement of stomata 
which have been supposed to exist between the endothe- 
lium, because if such openings existed the unaltered blood 
would escape, and not certain constituents of it only ; 
and a similar escape would occur in conditions of active 
hypersBmia. From the experimental investigations which 
have been described, there can be no doubt that these two 
phenomena of inflammation are, like the dilatation of the 
vessels and retardation of the circulation with which 
they are associated, due to some alteration m the vital 
properties of the walls of the hlood-vessels, an alteration 
possibly of a chemical nature, but, at all events, one not 
accompanied by any structural change recognisable by 
our present methods of observation. This alteration 
increases the resistance between the blood and the vessels, 
and so impedes the circulation, and also permits the 
transudation of constituents of the blood which normal 
vessels retain. The causes of this alteration may be very 
various, but they all lead to similar results, and if their 
injurious influence be sufficiently pronounced, they may 
completely destroy the vitality of the vessel. When this 
occurs, as was seen in the chapter on thrombosis, the 
blood coagulates, and we pass from the confines of in- 
flammation into those of necrosis. 

The remaining constituent of the inflammatory process 
— the alteration in the nutrition of the inflamed tissue — 
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succeeds the changes in the circnlation and the exudation. 
Respecting the cause of the increased nutritive activity 
of the cellular elements which characterises inflammation 
in certain tissues — it is probable that this is, for the most 
part, the result of the stimulation of the cells by the 
liquor sanquinis exuded from the blood-vessels, and the 
increased supply of nutriment with which they are sur- 
rounded. (See "Nutrition Increased.") The impair- 
ment of nutrition produced by inflammation is due partly 
to the stagnation of the blood, and partly to the injurious 
influence of the products which escape from the blood- 
vessels. (See " Suppuration.") 



Suppuration. — Suppuration, and the formation of ab- 
cesses, is a very frequent result of the inflammatory pro- 
cess ; it occurs much more frequently, however, in some 
inflammations than in others. As a rule it may be stated 
that the more intense the inflammation the more abun- 
dant is the formation of pus. 

The essential constituents of pus are cells and a liquid 
in which they are suspended. The liquid has an alkaline 
reaction and closely resembles the liquor sanguinis. It 
contains' various kinds of albumen, fatty matters, and in- 
organic substances. The cells, or pus-corpfisclea (leu- 
cocytes), are indistinguishable from the white corpuscles 
of the blood. As seen after death, they are spherical, 
spheroidal, or irregular-shaped, semi-transparent bodies, 
from 75^ th to ysV^^^ ^^ ^^ ^^^ ^ diameter, containing a 
varying number of granules, and usually one or more 
distinct nuclei. (Fig. 75.) The addition of dilute acetic 
acid causes the cells to swell up ; they become more 
spherical and transparent, and the nuclei are rendered 
more apparent. The sixe of the corpuscles and nuclei, 
and the number of the granules, present manifold vari- 
ations. Pus-corpuscles, like white blood-corpuscles,lymph- 
corpuscles, and many other young cell-forms — all of 
which are included under the common term of leucocyieM — 
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are masses of contractile protoplasm. Thej possess 
the power of spontaneous movement, and when living 
undergo continnons alterations in form, and migrate in 
the tissues. (See Fig. 74.) They may also multiply. - 
The mode of origin of pus has been the subject of 
much controversy. The liquid ingredient proceeds 
directly or indirectly from the blood, it is the exuded 
liquor sanguinis : about this there is no dispute. The 
difference of opinion which has existed is respecting the 

Fig. 75. 



Pu8-corpu9cle8 as seen ctfter death. — a. Before, 6. after, 
the addition of dilute acetic acid, x 400. 

origin of the formed elements. Without discussing 
obsolete theories, it must now be admitted that there are 
two sources from which the cells of pus may be derived — 
one from the blood, and the other from the inflamed 
tissues^ 

It has been seen that in the process of inflammation 
innumerable white blood-corpuscles pass out of the 
vessels into the surrounding tissues, and as these are 
indistinguishable from pus-corpuscles, it must be conceded 
than one mode of origin of pus is from the blood. Fur- 
ther, the white blood-corpuscles may multiply, and it is 
probable that by this means the production of pus may 
be greatly increased. 

The other source from which the cells of pus are de- 
rived is from the cellular elements of the inflamed tissue. 
In certain tissues, as has been seen — especially in epithe- 
lial and endothelial tissues — the cells are the seat of 
active changes in inflammation ; they may multiply and 
form new cells, and the more intense the inflammation, 
the more lowly organised are the newly -formed elements, 
and the less is tJ;Leir tendency to form a permanent tissue. 
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Some of these newly-formed cells constitute pns-cor- 
pnscles. These, in this case, must be regarded as yonng 
elements resulting from the proliferation of the tissue, 
which are of low yitalitj, and soon perish. 

Although the formed elements of pns may thus be 
derived both from the blood and from the inflamed tissue, 
there can be no doubt that the former is their principal 
source, and that they are in the main migrated blood* 
corpuscles. In the earlier stages of the inflammatory 
process, they are mostly, if not all, emigrants ; but in the 
later stages it must be admitted that they may also, in 
certain tissues, be derived from the cells of the inflamed 
part 

The blood being the principal source of pus, it is evi- 
dent that the more abundant the escape of blood-cor- 
pusdes, the greater will be the formation of this product, 
and hence the greater its tendency to collect so as to 
form an abscess. It is consequently in those inflamma- 
tions which are the most concentrcUed and the most in- 
tense — ^provided that the injury be not sufficiently severe 
to cause complete stasis — ^that the formation of pus is 
most abundant. The greater the injury sust.ained by the 
walls of the blood-vessels, the more readily will the blood- 
corpuscles penetrate them, and hence the more abundant 
will be the formation of pus. In inflammations of less 
intensity the escape of blood-corpuscles is less abundant, 
so that pus is not produced in sufficient quantities to 
cause its collection in the form of an abscess, and the 
corpuscles may merely infiltrate the part in such few 
numbers as to require for their recognition the use of the 
microscope. 

Pus exercises a most injurious influence upon the sur- 
rounding tissues. The pus-corpuscles appear to be 
endowed with the power of absorbing the tissues with 
which they come in contact, or, at all events, of causing 
their liquefaction. Hence the softening and disintegra- 
tion of the tissues which constitute such a destructive 
element in intense inflammations. 
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Pns which Has remained for any length of time in the 
tisanes undergoes certain changes. Its elements may 
undergo fatty metamorphosis, and thns be rendered ca- 
}>able of absorption. If pns is long confined in a closed 
cavity, its liquid portions may become absorbed, and its 
cells atrophy, so that it gradually dries up into a caseous 
mass, which may subsequently become calcified. 



Vabebties op Inflammation. — 1. The most important 
variations in inflammation are due to the amount of alter- 
ation in the walls of the blood-vessels, in other words, to 
the intensity of the inflammatory process. The extent to 
which the vessels are altered depends upon the severity 
of the initial injury, and the degree of susceptibility to its 
injurious influence ; the vascular, like other tissues, being 
much more easily influenced injuriously in some indi- 
viduals and in some states of health than in others. In 
speaking therefore of the intensity of an inflammation, it 
must be borne in mind that it comprises these two factors. 
From what has been already stated it will be obvious that 
nponthe intensity of an inflammatory process will depend 
the extent and character of the exudation from the vessels 
— the greater the intensity, the more abundant, the more 
highly albuminous, and the more richly cellular the exu- 
ded liquids. Hence it is in inflammations of considerable 
intensity that the vascular phenomena are often so pro- 
nounced, the formation of pus so abundant j and the 
softening and disintegration of the tissues so considerable. 
Such inflammations, inasmuch as the action of the injury 
which produces them is for the most part of short dura- 
tion, are sometimes designated acute inflammations. 

In inflammations of less intensity the vascular phe- 
nomena are less marked, the exudation is less albuminous, 
and the formation of pus is less abundant. It is in many 
of these less intense and more chronic forms of inflam- 
mation that new growth occupies a prominent place. The 
new growth consists in the main of an increase of the 
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connective tissue aronnd the blood-vessels, aJtliongli in 
certain tissnes, especially epithelial and glandular struc- 
tures, this is associated with an increase of the epithelial 
elements. It appears to me to be probably true — ^that 
the less intense the inflammatory process, the more do the 
resulting textural changes tend to be limited to the con- 
nective tissue which is immediately adjacent to the blood- 
vessels, whereas in inflammations of somewhat greater 
intensity the epithelial elements become involved. This 
is seen, for example, in inflammation of. the kidneys and 
mucous membranes. In the former, the least severe 
forms of inflammation are characterised histologically by 
an increase in the connective tissue around the blood- 
vessels (see ** Interstitial Nephritis ") ; whilst in inflam- 
mations of somewhat greater intensity, the prominent 
textural change consists in swelling or proliferation of the 
epithelium within the tubules. (See " Tubal Nephritis.") 
In mucous membranes, also, the more severe inflammations 
are attended by epithelial proliferation, the less intense and 
more chronic by changes in the submucous connective 
tissue. The tendency of the textural changes resulting 
from the least severe forms of inflammation to be limited 
to the connective tissue immediately adjacent to the blood- 
vessels, gives to these inflammations certain peculiarities. 
The new tissue — consisting in the earlier stages mainly 
of small round cells, but ultimately becoming developed 
into a more or less completely flbrillated structure (an 
adenoid or fibrous tissue) — leads to an induration of the 
organ in which it is situated, and very often, to the sub- 
sequent atrophy and retrogressive metamorphosis of its 
other histological elements. These changes will be more 
fally considered when treating of inflammation of the 
individual organs and tissues. (See "Inflammation of 
Common Connective Tissue," "Cirrhosis of the Liver," 
&c.) These least intense forms of inflammation, inasmuch 
as the injury which produces them is not only of slight 
severity, but is usually also prolonged and intermittent 
m its action, are often known as chronic inflammations. 
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2. Inflammations vary considerably in the character of 
the effusions to which they give rise, hence there are 
serous, fibrinous and suppwrative inflammations. These 
differences are obvionsly closely connected with differ- 
ences in the intensity of the inflammatory process. 

A serous effusion is one containing bnt little albumen 
and few blood-corpuscles, and consequently having but 
little tendency to coagulate. Such effusions occnr in 
inflammations of slight intensity, in which the alteration 
in the walls of the blood-vessels is only sufficient to allow 
the more watery constituents of the blood to escape. In 
more intense inflammations also, where the emigration of 
blood-corpnscles is not fuUy established, as in the earlier 
stages of the process, and when the injury to the vessels, 
although severe, is rapid and transient in its action, as that 
caused by heat and blistering agents, the effusion is often 
a clear and only slightly coagulable liquid. Lastly, in 
an impoverished state of the blood, especially where the 
albumen is diminished, an inflammatory exudation, even 
when the process is of considerable intensity, is liable to 
be of a serous or very imperfectly flbrinous character. 

A fibrinous effusion is more richly albuminous than the 
preceding, contains more blood-corpuscles, and conse- 
quently has a much greater tendency to coagulate; so 
that layers of fibrin are found adherent to the inflamed' 
surface. Fibrinous effusions are usually due to a graver 
alteration in the walls of the vessels than serous — an 
alteration which allows more of the constituents of the 
blood to escape. As just stated, they may not occur in 
impoverished conditions of the blood, even though the 
inflammation be of great intensity. 

A swppuraiwe effusion contains so many blood-corpuscles 
that it is distinctly purulent. (See ** Suppuration.") 
This abundant escape of leucocytes is due to an inflam- 
mation of considerable intensity, to one in which the alter- 
ation in the walls of the vessels is more marked, and the 
injurious influence is for the most part more prolonged 
than that which permits the escape of a less corpuscular 
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Kquid. The snppnration is often preceded by a serona or 
fibrinous effusion, the blood-corpuscles, as already stated, 
escaping at a later period in the process than the liquor 
sanguinis. 

3. One of the most important divisions of inflammation 
is into iJifedive and non-infective. An infective inflamma- 
tion is one the products which possess infective properties, 
owing to which the substances which are absorbed from the 
inflamed part tend to cause secondary inflammations of 
the tissues with which they come into contact. This 
infective property has in the first place a local influence, 
causing inflammation in the tissues immediately adjacent 
to the part primarily affected : — ^infective inflammations 
have thus a tendency to spread. The infective substances 
being absorbed by the blood-vessels and lymphatics then 
tend to cause inflammation in distant tissues : — ^thus the 
process becomes disseminated. What it is that causes the 
products of an inflammatory process thus to become in- 
fective will be considered more fully in the chapter on 
Septicaemia and FysBmia. It will be su£Gicient here to 
state that in aU infective inflammations the formation of 
the infective substance appears to be due to the presence 
of minute organisms, these organisms in the ordinaiy 
non-specific infective inflammations being the common 
septic bacteria. 

4. Inflammations have received different names, accord- 
ing to the nature of the injury upon which they depend. 
Those inflammations which result from external injuries, 
mechanical or chemical violence, are called traumatic. 
Inflammations in which the nature of the injury is not 
obvious, are usually called idiopathic. The nature of the 
injury may give to the inflammatory process certain pecu- 
liarities. The contagium of small-pox, for example, gives 
rise to inflammation of the skin, constituting the " rash ;'* 
that of syphilis, to certain inflammations of the skin, 
mucous membranes, and other tissues ; and that of 
typhoid fever, to inflammation of the intestinal lymphatic 
structures. In all these and numerous similar cases, the 
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nature of the injury impresses upon the inflammation 
certain peculiarities, and in so far as the former is specific, 
the latter may be called specific inflammations. Lastly, 
inflammatory processes may be modified by the existence 
of certain constitutional peculiarities. This is the case 
especially in Scrofula. 



Teeminations op Inflammation. — 1. Besohition.— This, 
the most frequent and most favourable termination of 
inflammation, consists in the cessation of the process and 
the restoration of the part to health. In order for this 
to occur, it is necessary, in the first place, that the in- 
jurious influence, whatever it may be, should be removed. 
This being done, there must be a restoration of the walls 
of the blood-vessels to their normal condition, in order 
that the abnormal transudation may be arrested. This 
restoration will obviously be more easily effected in the 
earlier than in the more advanced stages of the inflam- 
matory process. A normal condition of the walls of the 
blood-vessels is dependent upon the proper circulation of 
the blood through them and the vasa vasorum. What- 
ever, therefore, favours the re-establishment of the cir- 
culation in the inflamed area will, as pointed out by 
Cohnheim, favour resolution. 

Another necessary element in resolution is the removal 
of the inflammatory products. This is effected mainly 
by the lymphatics, the effused liquid and blood-corpuscles 
passing into the lymphatic channels. After the restora- 
tion of the circulation, absorption is also carried on to 
some extent by the blood-vessels. In the latter stages 
of the process any unabsorbed blood-corpuscles or fibrin 
undergo fatty degeneration, and thus the complete re- 
moval of the inflammatory products is much facilitated. 
(See *' Grey Hepatization.") 

It will thus be obvious that all those conditions which 
interfere with the lymphatic or vascular circulation, such 
as the pressure exercised by large quantities of effusion in 
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a Beroas cavity, or by a richly cellular exudation in a 
lymphatic gland, mnst retard resolution. (See " Casea- 
tion" and "Scrofulous Inflammation.") Interference 
with the lymphatic circulation tends especially to prevent 
absorption, interference with the circulation in the blood- 
▼essels to prevent that restoration of those vessels to a 
normal condition which is necessary in order to arrest 
the continued transudation. 

2. Necrosis. — Inflammation may terminate in the death 
of the inflamed tissue. This result is liable to occur if 
the initial injury is of considerable severity and the dura- 
tion of its action is prolonged. Such injuries, by com- 
pletely destroying the vitality of the vessels in that area 
where their injurious influence is the most marked, cause 
thrombosis ; and this, together with the interference with 
the circulation due to exudation from the unthrombosed 
vessels, lead to the death of more or less of the affected 
part. 

Considerable impairment of the vitality of a tissue also 
renders it, when inflamed, very liable to become necrotic ; 
hence the frequency with which inflammations in the aged 
and debilitated terminate in gangrene. (See " Senile 
Gangrene.") This liability is parUy due, as already ex- 
plained, to the weakened vessels being abnormally 
susceptible to the injurious influence, so that very slight 
injuries may cause intense inflammations; and partly 
to the feebleness of the circulating forces, and conse- 
quent iaabiHty to restore the circulation in the inflamed 
area. 

3. New Growth. — The development of new tissue has 
already been alluded to as a result of many of the less 
intense inflammations. In order for this "productive" 
inflammation to occur, the inflammatory process must not 
be of sufficient intensity to cause abundant pus-formation, 
but yet intense enough, and the blood of a sufficiently 
healthy character, to lead to a fibrinous exudation and 
the escape of a certain number of leucocytes. It is from 

fibrinous effusion containing white blood-corpuscles— 
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tlie so-called plastic lymph— that the new tissue is pro- 
duced. The new tissue is invariably a connective tissue, 
and its development will be considered when speaking of 
inflammation of connective tissue. It will be sufficient 
here to state that the process consists in the development 
of some of the escaped leucocytes into larger cells, the 
formation of numerous new blood-vessels, the fibrillation 
of the growth, and its ultimate development into a vas- 
cular connective tissue, which subsequently becomes less 
vascular and tends to contract. This productive inflam- 
mation occurs in the union of wounds, the healing of 
ulcers, in chronic inflammation of organs, &c. (See 
" Inflammation of Common Connective Tissue.*') 



CHAPTER XXX. 

SCROFULOUS INFLAMMATION. 

The process of inflammatioii when occurrmg in tlie 
scrofulous usually presents certain peculiarities. 

The constitutional condition known as scrofula — a con- 
dition usually inherited but often acquired — ^is charac- 
terised by certain pathological tendencies. Of these the 
most important is an abnormal susceptibility of certain 
tissues to injury, and a peculiarity in the products and 
in the course of the inflammation which the injnry in- 
duces. This susceptibility, more or less general, is com- 
monly most marked in the mucous membranes and in 
the lymphatic glands, although the skin, bones, and 
joints are frequently affected. The part, however, which 
is the most prone to suffer varies considerably in different 
cases. 

Not only is there this susceptibility to inflammation, 
but the inflammatory process tends to be exceedingly 
protracted ; it is very readily reinduced, and the altera- 
tions produced in the part differ from those caused by 
inflammation in healthy persons. When inflammation 
occurs in a healthy individual, if it does not cause the 
death of the part, the inflammatory products either be- 
come absorbed, or the process leads to suppuration, or to 
the formation of a vascularised connective tissue. In 
scrofulous inflammation the absorption of the inflamma- 
tory pnxlucts is very much less readily affected; they 
tend to infiltrate and accumulate in the tissue, where by 
their pressure they interfere with the circulation, and so 
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lead to retrogreBsive and caseotig changes. There ie bnt 
little or no tendency to tUe development of nen blood- 
vesBelB, and henca there is no organisation of the new 

These pecnliaritiea of inSammation in acrofnlons anb* 

FiO. 76. 




bronchus of a markedly scrofalona child, the Bubjecl of 
brOBchilia, which lenninated in miliary tnbereuloais. The 
deeper atmctnres of Iho bronchial wail are aeen to be 
eitensivel; infiltrated with cells, moat of which are largfr 
than those mat with in the less citenaive infiltnljon of 
healthy inflammation. The infiltration csleode to and in- 
vades the walla ot the adjacent alveoli, which are seen at 
the npper ps.n of the drawing. The cavity of the bron- 
chus contams a little mucus, m. x 2(10, reduced (. 

jecta are to be in great measure aaoribed to that 
inherent low vitahty of the tissneB which obtains in 
this disease, and also to certain pecnliaritiea in the 
histology of the inflammatory prodncts, Virchow long 
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ago pointed out the richly cellular character of the pro- 
ducts of scrofulous inflammation, the tendency of the 
cells to infiltrate the tissue, and the extreme tardiness 
with which the infiltration becomes absorbed. Quite 
recently Professor Bindfleisch has stated that these cells 
are, for the most part, larger than those met with in 
healthy inflammations; and that this being the case, 
theii' removal by passage into the lymphatics is less 
readily effected.* In tubercle, the close relation of which 
to scrofulous lesions is well known, the existence of large 
cell-forms is almost constant, and their pathological sig- 
nificance in both these allied products will be more fully 
considered when speaking of tuberculosis. (See " Tu- 
bercle and Acute Tuberculosis.") This largeness of many 
of the young cells in scrofulous inflammation, and their 
marked tendency to infiltrate and accumulate is well 
shown in the accompanying drawing (Fig. 76). 

These histological peculiarities of the products of scro- 
fulous inflammations not only lead to an extensive and 
obstinate infiltration of the affected tissues, but, as in- 
sisted upon by Bindfleisch, they must in the parenchyma 
of organs, as in the glands and viscera, cause, by the 
pressure they exercise, more or less obstruction of the 
blood-vessels, and so interfere with the vascular supply. 
To this interference with the vascular supply, and to the 
inherent low vitality of the cellular elements, is to be 
mainly ascribed the retrograde changes and caseous 
melamorphoeis which are so characteristic of scrofulous 
lesions. 



* Ziemssen's " Cyclopsedia of Practical Medicine,*' vol. v. Article, 
Chronic and Acute Tuberculosis, by Kindfleisch. 



CHAPTER XXXI. 

TUBERCLE AND ACUTE TUBERCULOSIS. 

By acute tuberculosis is understood a general infective 
disease, which is characterised anatomically by the occur- 
rence of numerous minute nodular lesions more or less 
generally disseminated in the various organs and tissues. 
The generally disseminated nodular lesions, which are 
characteristic of the disease, appear to be inflammatory 
growths, resulting from the distribution of infective mate- 
rials (probably minute particles), by means of the blood- 
vessels or lymphatics from some primary inflammatory 
product. They are, therefore, the anatomical results of 
an infective inflammatory process, and they constitute 
what have long been known as milicvry tubercles. 

General Pathology of Acute Tuberculosis. — Our know- 
ledge of acute tuberculosis and of its anatomical result — 
tubercle, has until recently been involved in obscurity ; 
but at the present time — owing in great measure to 
Bcientiflc experimental research — it may be regarded as 
being much more complete. According to the older doc- 
trines, which were based upon the teaching of Laennec, 
tubercle was looked upon as a specific non-inflammatory 
growth which originated spontaneously in the tissues. 
Further, this new growth was characterised by the regular 
succession of changes which it invariably underwent — 
it was first grey and translucent, then became opaque, and 
ultimately caseous. Hence in its earlier stages it was 
known as grey, in its latter as yellow tubercle. Caseous 
metamorphosis was held to be such a distinguishing peca- 
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liarity of tbe growth, that all caseous masses were regarded 
as tubercular, and the term " tubercle " came to be applied 
indiscriminately to all pathological products which had 
undergone this form of degeneration, and which in their 
colour and consistence somewhat resembled soft cheese. 
Caseation, however, as already stated, although most 
frequent in tuberculous and scrofulous lesions, is a 
common result of the retrograde metamorphosis of many 
growths which are destitute of or contain but few blood- 
vessels, and which consist of closely crowded cellular 
elements. (See " Caseation.") For this much wider 
extension of the pathological significance of caseous 
degeneration we are mainly indebted to Professor 
Virchow.* 

The infective nature of acute tuberculosis was first 
promulgated about twenty years ago by Buhl, who stated 
that in the majority of cases of this disease indurated 
masses which had become caseous existed in some part of 
the body, and that to the absorption of substances from 
these infective centres the general development of the 
tubercle was owing. He further stated that in those cases 
in which the tubercles were confined even to limited por- 
tions of a single organ, they were also secondary to 
caseous lesions. Buhl's theory, therefore, implied that 
the origin of the infective sabstances was necessarily 
associated with caseous metamorphosis of the primary 
inflammatory induration. A modification of this view 
of the nature of the infecting lesion has since been ren- 
dered necessary, both by the results of post-mortem 
observations, and also by those which have been obtained 
from the artificial production of tuberculosis in the lower 
animals. 

The experimental investigation of acute tuberculosis 
was commenced by Villemin in 1866, and subsequently 



♦ For further information on the history of " tubercle," the reader 
is referred to the commencement of the chapter on " Puhnonarv 
Phthisis." ^ ^ 
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followed out by Burdon Sanderson, Wilson Fox, Colin- 
lieim, Klebs, and others. The methods of investigation 
consisted either in the inoculation of varions inflamma- 
tory products — for the most part products of chronic 
inflammations (caseous or not caseous), or in the produc- 
tion of a local inflammatory induration by the introduc- 
tion of setons and of other foreign bodies beneath the skin. 
Of inflammatory products Dr. Sanderson found that none 
proved so active as that obtained from the indurated 
lymphatic glands of an animal already suflering from the 
disease. In both cases, after a certain lapse of time, dis- 
seminated inflammatory lesions were produced in various 
organs and tissues — lesions which presented a special 
tendency to become caseous at their centres. It was also 
found that the distribution of these lesions varied accord- 
ing as the infective materials were introduced into the 
blood-vessels or lymphatics, clearly proving that they 
resulted from the dissemination of infective sabstances by 
means of the blood and lymph streams. The results of 
these experiments therefore show, in the first place, that 
caseation of an inflammatory product is not necessary 
in order for it to constitute an infective focus ; and, 
secondly, that the development of the general tuberculosis 
is not due to anything specific in the substances inocu- 
lated, but that the products of various inflammatory pro- 
cesses (for the most part of inflammations of slight 
intensity), may constitute the infective agents. 

The lesions produced, however, in artificial tuberculosis 
differ somewhat from those met with in the natural 
disease as it occurs in man. They differ both in their 
anatomical distribution, and, to a less extent, in their 
pathological tendencies. The differences in anatomical 
distribution are principally confined to the brain and 
lungs. The brain, which is so frequently affected in the 
natural disease in man, is rarely so in artificial tubercu- 
losis. In the lungs, the first structural changes which 
take place in artificial tuberculosis are stated by Dr. 
Klein to consist in the development of adenoid tissue 
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around the perivascular lymphatics, the implication of 
the alveoli being only a secondary part of the process * 
In the natnral disease in man, on the other hand, the 
changes commence in the alveoli themselves. Respecting 
differences in their pathological tendencies — it is to be 
remarked that caseation occurs much more extensively in 
the lesions artificially induced than in man. In the 
former, also, diffused tracts of consolidation are more 
frequently associated with the miliary lesions, and they 
may even constitute the predominant structural clianges. 
These differences, however, are probably to be regarded 
as resulting from differences in the intensity of the 
infective process, and from peculiarities in the morbid 
tendencies of the tissues involved, and not as any 
evidence of a want of analogy in the pathology of the 
two diseases. 

Passing on to consider acute tuberculosis as it is met 
with in man, it must in the first place be stated that it 
occurs most frequently in those who are scrofulons, and 
one or more masses of inflammatory induration which 
have become caseous are, in the great majority of cases, 
to be found in some parts of the body after death ; some- 
times in the lungs, sometimes in the bronchial glands,' 
sometimes in the glands of the mesentery, &c. Caseous 
metamorphosis, as was seen in the preceding chapter, is 
exceedingly common in scrofulous inflammation, owing 
to the marked cellular infiltration and consequent ansBmia 
which characterise the process ; and it is these products 
of scrofulous infl^Tnmation which are the most common 
clause of acute tuherctilosis. Much less frequently cases 
of acute tuberculosis are met with, in which there exists 
some inflammatory lesion which is not caseous, as a 
simple induration, an inflamed bone, or an ulcerated 
mucous membrane ; whilst in exceedingly rare cases it is 



* " On the Lymphatic System of the Lungs," by Dr. E. Klein : 
Proceedings qf the Jioyal Society, No. 149, 1874. 
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stated that no sncli products of a previous infiammatory 
process has been discoverable. 

The results of post-mortem observations of the natural 
disease thus appear to justify the same conclusions 
respecting the nature of the infective substances as those 
derived from the experimental investigation of the disease 
in the lower animals, and in a man also it must therefore 
be regarded as in the highest degree probable that any 
inflammatory product may, under certain circumstances, 
give rise to a tuberculous process, and that although 
caseation of the product is most frequent, it is not essential 
in order for it to constitute an infective focus. Why 
such inflammatory products should in some cases be 
infective, whilst in others they remain inert, we are 
unable certainly to explain. In attempting to answer 
this question, it must be remembered that such products 
may accidentally become placed in direct communication 
with the vascular or lymphatic systems ; and also that 
infective substances are much more liable to produce 
results in some constitutions and in some conditions than 
in others. It is also possible that the infective properties 
of an inflammatory product may be determined by 
atmospheric influence or by the presence of minute 
organisms. (See " Septicaemia.") 

Whilst acute tuberculosis is thus an infective disease, 
it is an infective disease of a special kind. In the flrst 
place, the infective substances derived from the infective 
focus — which are probably minute particles — ^not only 
exercise their injurious influence over areas of tissue 
which are for the most part exceedingly small (hence 
the miliary character of the lesions), but the injury they 
inflict is of comparatively slight severity. The principal 
result of their dissemination is consequently to cause a 
textural change— a new growth of tissue at the seat of the 
injury. (See " Chronic Inflammations.") In this respect 
this disease presents a marked contrast to one with which 
it is closely allied — pyasmia, in which the severity of the 
injury produced by the infective particles is much greater. 
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and gives rise to the formation of abscesses. (See 
•* PysBmia.") In pysBmia the intensity of the dissemi- 
nated inflammatory processes is considerable, and the 

^ coarse of the disease is usually acute, whilst in acate 
tuberculosis the inflammatory processes are much less 
severe, and the disease tends to run a more chronic 
course. 

Histology of Tubercle. — The miliary lesions in acute 
tuberculosis, althoagh presenting certain differences ac- 
cording to their age, and to the nature of the tissue in 
which they originate, are tolerably uniform in their histo- 
logical characters. Their most marked feature is the 

. prominent place which large multinucleated masses of 
protoplasm — the so-called giant cells^-occupies in their 
constitution. These large cells, which somewhat resemble 
the myeloid cells met with in sarcomatous tumours, &c., 
were long ago alluded to by Virchow, Wagner, and 
others, but it is only during recent years, mainly owing 
to the researches of Oscar Schiippel and Langhans, that 
they have come to occupy a prominent place in the 
histology of tubercle. 

The most characteristic features of these multinucleated 
cells are their large size, the number of their nuclei, and 
the irregularity of their outline. Some of the larger ones 
measure as much as -g^ inch in diameter. They possess 
no limiting membrane, but are simple masses of proto- 
plasm, containing numerous round or roundly-oval 
nuclei, each enclosing a bright nucleolus. (Figs. 77, 78, 
and 79.) As many as forty nuclei may occasionally be 
counted in a single cell. Some of them are much smaller, 
and contain only three or four nuclei. Four or five, or 
even more, of these multinucleated masses are sometimes 
found in a single tuberculous nodule. Many of these 
large cells possess long branched processes, in connexion 
with which, and evidently originating from them, are 
smaller protoplasmic masses, also nucleated and branched. 
(See Figs. 78 and 79.) The meshes between the branched 
cells are, according to Schiippel, filled with epithelial-like 
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elements. These eteraents I have failed to observe, and 
the meshes I have either found emptj, or coataining a 
few lymphoid oelk. (Pig. 79.) It would thus appear 
that the original protoplasmic mass gives origin to a net- 
work of Ia.rge branched cells. 
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With regard to the histological elements from which 
the giant cells originate — this varies. In the lung, Dr. 
Klein states that they are derived from the alveolar 
epithelium. They may also pi-ohab!y originate from the 
cells of connective tissne, and from the endothelium of 
the blood-vessels and lymphatics. Their formation takes 
place either by the fosion of two or more cells, or by the 
excessive development of one cell. In the latter case, the 
izo and its nuclei multiply, but here the 
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process of development ceases — there is no subsequent 
division of the ceU. 

Associated with, and surrounding the giant cell and 
its branches, is a small-celled adenoid-like structure. 
(Fig. 79.) This small-celled structure, which usually con- 
tributes largely to the formation of the tubercle, some- 
-what resembles that of an indurated lymphatic gland, 
which is commonly known as adenoid tissue. A similar 
structure, as has already been stated, is also met with in 
chronic inflammations of the liver, lungs, and other organs. 
(See " Chronic Inflammations.") It consists, in the main, 
of lymphoid cells, which are either separated from one 
another by fine bands of homogeneous transparent-looking 
material, or by a more or less distinctly flbrillated, and 
sometimes nucleated reticulum, within the meshes of 
which the cells are grouped. (Fig. 80.) This reticulum 

Fig. 80. 




A portion of a Grey Miliary J^tbercle qf the Lung. — 
Showing the adenoid-like structure met with in 
large portions of these nodules, x 200. 

is sometimes dense and well marked, whilst in other cases 
it is much less prominent. In addition to the small 
lymphoid cells there are often seen some rather larger 
cells containing one, and, in some cases, two nuclei. (See 
** Scrofulous Inflammation," Fig. 76.) 

An elementary tubercle thus consists of a giant-cell 
reticulum surrounded by, and in direct histological con- 
tinuity with, a varying sized zone of small-celled tissue. 
This is well shown in Fig. 79. (See also Fig. 83.) The 
larger tuberculous nodules consist of several of these 
giant-cell systems. (See Fig. 89.) 

Although the above characters of tubercle are to be 
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observed in snccessfal preparationB and in certain stages 
of the tabercoloas growth, many of them will often be 
fonnd wanting. The nnclei and processes of the giant 
cells will not always be seen, and the cells often appear 
simply as yellowish, somewhat grannlar masses in which 
neither nnclei nor processes are visible. In this imperfect 
state they are to be fonnd in tubercnlons nodules from 
all organs in which tubercle is met with. 

It remains to speak of the blood-vessels of tubercle. 
The vessels of the tissue in which the nodule originates 
gradually become obliterated in the process of its growth, 
and there is no new formation of vessels, suck as takes 
place in more highly developed inflammatory tissue. 
(See "Inflammation of Common Connective Tissue."') 
The tubercle is therefore, except in the earliest stages of 
its development, non-vascular. (See " Scrofulous Inflam- 
mation.") 

Although the stracture which has been described is that 
most commonly met with, it must be borne in mind that 
all taberculous lesions are not thus constituted. When 
treating of the changes in the several organs, it will be 
seen that the precise histological constitution of the no- 
dules varies somewhat, according to the characters of the 
tissue in which they originate. In the lung, for example, 
many of them consist largely of accumulations of 
epithelial cells within the pulmonary alveoli. 

Secondary Changes. — Tubercle invariably undergoes 
more or less retrograde metamorphosis, although the 
extent of this varies considerably, and in some cases the 
nodules may become developed into an imperfect fibroid 
structure. The occurrence of retrograde metamorphosis 
is mainly owing to the obliteration of the blood-vessels 
which accompanies the growth of the lesions. The 
change commences in the centre of the nodnle, this being 
the part first developed, and consequently that which is 
the furthest removed from vascular supply. The nodnle 
breaks down into a grannlar fatty debris, so that its 
'entral portions soon become opaque and yellowish. 
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(Fig. 81.) In aome caaes the process of diaintetpratioi 
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ultimately undergoea in its tD'ag™"niBtic.) 
central parts more or leas fattj metamorphosis, the 
nodnle may remain aa a firm fibroid mass.* This occurs 
more especially in the smaller lesions. The ezt«nt and 
rapidity of the retrograde change depends, I heliere, 
partly upon the intensity of the infective process, and 
partly upon constitutional conditions. The eiiatence of 
scrofula favours retrograde changes in tnberonlons lesions 
as it does in all inflammatory product.^, and it is in 
those who are markedly ecrofalona that tnbercle nnder- 
goes the most rapid degeneration. (See " Scrofuloae 
InfiammatioD.") These changes will also bo influenced 
by the inteoaity of the infective process. The more 
intense the process the greater ia the tendency to the 
degeneration and softening of the nodules; the less intense 
and more chronic, the more liable are the miliary lesions 
to become fibroid. 

Local Tubebculosis. — Before concluding the considera- 
tion of the general pathology of tubercnlosis, allusion must 
be made to those cases in which the tubercnlons processes 

• Dr. Klein staks (toe. cU.) tliat the large muUinuclratcd cells 
dense feltwork ol fibrillnr lieaue, nhich tieeue gradually dies away 
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are confined to a single organ. This limited tabercnlosis 
differs from the more general one only in the extent of 
the distribution of the infective materials. The miliary 
lesions originate from some retrograde inflammatory pro- 
duct situated usually in the same organ as that in which 
they occur, and their limitation is probably owing to the 
infective substances being disseminated by the lymphatics 
and serous canals and not by the blood-vessels. This 
will be again referred to in the chapter on " Pulmonary 
Phthisis/' and also in the following description of the 
tuberculous process as it occurs in the several organs and 
tissues. 

Conclusions. — Having thus described the histological 
characters of tuberculous lesions, it remains to consider 
the relation which subsists between these lesions and the 
products of non-tuberculous inflammations. The tuber- 
culous lesions being inflammatory growths — the result of 
the injurious influence of infective particles upon the 
small areas of tissue with which they come into contact — 
why do they differ from the tissue changes which 
accompany the ordinary less intense forms of inflamma- 
tion P The answer to this question is at present far from 
satisfactory. 

It must be admitted that constitutional conditions 
influence considerably the occurrence and character of 
tuberculosis. Tuberculous processes occur, for the most 
part, in the scrofulous, and the products of ^some 
scrofulous inflammation are the most frequent infective 
agents. Constitutional conditions may probably thus so 
modify an inflammatory process as to give to its products 
infective properties. It must, I think, also be regarded 
as probable that conditions of the constitution may 
influence the effect produced by the dissemination of the 
infective particles, and that these particles, whether 
derived from a caseous or non-caseous focus, may in 
certain conditions of the constitution give rise to tuber- 
culous processes, whilst in others their dissemination is 
unattended by change. 
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The histological peculiarities of the tabercalous lesions 
appear also to depend mainly upon constitutional condi* 
tions. The influence of scrofula upon the histological 
changes which accompany inflammation has already been 
seen, and from the close histological relationship which 
subsists between the disseminated nodales met with in 
tuberculosis and the more diflnsed lesions produced by 
primary inflammation in scrofulous subjects, and also 
from the fact that it is in the scrofulous that tuberculosis 
most frequently occurs, we may, I think, assume that the 
characters of tuberculous lesions also are dependent upon 
a constitutional state. 

In both scrofulous inflammation and tuberculosis there 
is a tendency to the development of large cell-forms and 
to the formation of a lowly organised and non-vascularised 
structure which soon undergoes retrograde changes. 
These characters of the inflammatory new growth appear 
to me to be probably due to the inflammatory process 
occurring in tissues of such low vitality that the cellular 
inflammatory products are incapable of forming an 
organised vascular tissue, but merely undergo some 
increase in size and then tend to slowly degenerate. The 
protoplasm grows, the nuclei multiply, but the higher 
manifestation of vitality— the subsequent division of the 
protoplasmic mass — does not take place, and thus are 
produced the giant cells. 



TUBERCULOSIS OF THE PIA MATER. 

In the pia mater the tuberculous process is associated 
with inflammation of the meninges, constituting the con- 
dition known as tubercular meningitis. This is almost 
invariably a part of a general tuberculosis. 

The process is almost exclusively conflned to the pia 
mater as the base of the brain, and the tuberculous 
nodules — which may easily escape observation — are seen 
in connection with the small arteries in the Sylvian 
fissures, and deeply seated between the convolutions. A 

u 
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few Boattcred (rrauQlations are, however, freqnently vitdble 
ou the nppersurface of the hemispheres. The inflamma' 
tory ({rowth oriRinateB in the perivascnlar lymphatic 
sheaths which encloiie the Bmall arterieH of the pia mater. 
(Fig.82.] The cells of the sheath maltiply, and the pro 




i of proliferation commencing at separate ceutrea, 
} amaU grey nodules are produced aroiuid the 
vessel. ThcBe, which are distinctly visible to the naked 
eye, cause an external halging of the sheath, and a dimi- 
nntion in the calibre, or even complete obliteration, of the 
enclosed vessel. 

The localised obstructions to the circulation which re- 
sult from the pressure of the perivascular nodules cause 
intense hyporfemia of the collateral vessels, and thus the 
pia mater at the base of the hiain becomes exceedingly 
vascular, there being in some cases rupture of the vessels 
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and extravasation* This is followed by a more general 
inflammatory process — a trne basic meningitis. A transu- 
dation of the liquor sanguinis takes place from the 
liyperaBmic and injured vessels, blood-corpuscles escape, 
and thus the meshes of the pia mater become infiltrated 
Tvith a sero-fibrinous, and often purulent liquid. 

The changes in the pia mater at the base of the brain 
are attended by softening of the immediately subjacent 
cerebral substance, which becomes infiltrated with young 
cells. The lateral ventricles at the same time become 
distended with serum (acute hydrocephalus), so that the 
Convolutions on the surface of the hemispheres are seen 
to be much flattened. The ependyma and choroid plexus 
also become exceedingly vascular, and the walls of the 
ventricles, together with the fornix and soft commissure, 
become much softened. All of these changes are owing, 
partly to an inflammatory process, and partly to the 
mechanical obstruction to the circulation caused by the 
tuberculous growth. In addition, the arachnoid membrane 
is dry and sticky. 

TuBEKCULOUS Masses IN THE Bkain. — In addition to the 
miliary lesions occurring in the pia mater in tubercular 
meningitis, large tuberculous masses are occasionally met 
with in the brain unassociated with a general tuberculous 
process. These masses, which vary in size from a hazel- 
nut to a hen's egg, commonly occur in the cerebral sub- 
stance, especially at the base of the brain. They are of 
a pale yellow colour and firm consistence, and usiially 
form quite round globular tumours. Their surface is often 
seen to be covered with minute grey nodules, which extend 
into the surrounding tissue; and on section, similar nodules 
are sometimes visible, scattered through the substance of* 
the tumour. In most cases only one or two such masses 
are found, but occasionally they are more numerous. They 
occur especially in childhood, and usually in children in 
whom there is a general tendency to caseation of inflam- 
matory products (" scrofulous " children). When ex- 
amined microscopically they are found to be made up of 
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vessels first come into contact. The active changes in the 
gland begin with the formation of a large mnltinucleated 
branched cell. (Fig. 83.) In the earlier stage of the 
process small grey nodules are visible scattered through 
tlie cortex. These gradually increase in size and become 
caseous. The gland then becomes enlarged, the distinc- 
tion between its medullary and cortical portions becomes 
lost, and it becomes changed to a greyish homogeneous 
mass, in which are varying sized tracts of caseous ma- 
terial. The new growth very frequently undergoes a 
marked fibroid development, so that the caseous masses 
are surrounded by a dense fibroid structure. The caseous 
portions of the gland may subsequently soften, dry up, 
or calcify. 

TUBERCULOSIS OF MUCOUS MEMBBA17E8. 

In mucous membranes the development of tuberculous 
nodules is usually secondary to some primary inflamma- 
tory process which leads to ulceration of the membrane. 
The intestinal, the urino-genital, and the respiratory 
mucous membranes may all be the seats of a tuberculous 
^owth. 

Hie Intestine. — In the intestine the occurrence of true 
tuberculous processes appears to be almost invariably 
preceded by primary inflammatory changes in the intes- 
tinal lymphatic structures. These changes have their 
seat in the solitary and Peyer^s glands, and, as in typhoid 
fever, it is especially these structures in the lower part 
of the small intestine and in the caecum which are 
affected. 

The first stage of the process consists in an inflamma- 
tory hyperplasia of the lymphatic elementn. In Feyer*8 
patches this hyperplasia usually affects isolated follicles 
in the patch. The solitary glands and certain foUicles in 
the patches thus become swollen* and project with undue 
inominence above the surface of the membrane. The 
newly formed elements then undergo retrogressive 
changes — ^ihey soften, the d^eneration in the patches 
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commencing at several separate centres, and often ex- 
tending nntil the whole patch becomes destroyed. As 
the resalt of these primary inflammatory changes an 
nlcerated surface is produced, the floor and edges of 
which are more or less thickened, owing to the extension 
of the inflammatory infiltration into the submucous con- 
nective-tissue. This is a simple ulcer, and its production, 
so far, is quite independent of a tuberculous process. 

What must be regarded as a tuberculous change occurs 
subsequently to the primary ulceration, and it consists in 
the development of small nodules of new growth in the 
floor of the primary ulcer. The development of these 
nodules appears to take place principally around the 
blood-vessels, and as these are arranged transversely 
around the intestine, the new growth proceeds in the 
same direction. These secondary nodules of new growth, 

Fig. 84. 




A Tubercular Ulcer of the Intestine, (Diagrammatic.) 
a. Epithelial lining. h. Submucous tissue, 
c. Muscular coat. d. Peritoneum. 



like the primary inflammatory product, soften and be- 
come caseous, and thus the process of ulceration gradu- 
ally extends transversely until the whole circumference 
of the gut may be destroyed. The ulcer thus produced 
presents a strong contrast to that of typhoid. Its edges 
and base are thickened and indurated, and the tuber- 
culous nodules, tending to become caseous, are seen 
scattered in its floor. (Fig. 84.) 

The tubercular ulcer rarely, if ever, heals. Owing to 
the thickening of the tissues at its base, perforation is 
quite an exceptional occurrence. In the process of its 
extension the ulceration is attended by some contraction 
and naiTOwing of the gut. 



TUBERCULOSIS OF THE LUNGS. 295 

TUBERCULOSIS OF THE LUNGS. 

Tuberculous processes occur in the lungs as a part of 
a general tuberculosis, and also in many cases of pul- 
monary phthisis. The nature of the resulting iafiam- 
matory lesions is similar in both. It will be well, how- 
ever, in the present place, more particularly to describe 
these lesions as they occur in the general infective dis- 
ease. The more limited processes which take place in 
phthisis will be again referred to in a subsequent 
chapter devoted to the consideration of this affection. 
(See " Pulmonary Phthisis.") 

The pulmonary lesions met with in general tuberculosis 
consist, for the most part, of disseminated nodular 
growths, which are universally known as miliary tuber- 
cles. These growths are of two kinds — the grey and 
the yeUow. The grey are semi-transparent nodules of a 
greyish- white colour, varying in size from a small pin's 
head to a hemp-seed. They are somewhat spherical in 
shape, and usually possess a well-defined outline. Some- 
times they are firm, and almost cartilaginous in consis- 
tence ; whilst in other cases they are much softer and 
almost gelatinous. These softer forms, instead of . being 
semi-transparent, are more opaque and white. The yellow 
are, for the most part, larger than the preceding, many of 
of them much so, some being as large as a pea. They are 
also softer in consistence, less defined and regular in out- 
line, and they pass more insensibly into the surrounding 
tissue. Many of them possess a greyish- white translu- 
cent margin, which may be pretty firm in consistence, 
but never so hard as are many of the grey nodules, 
whilst their central portions are opaque, yellowish, or 
caseous. 

Both the grey and the yellow nodules are often found 
associated in the same lung; in other cases the grey 
nodales only are met with ; whilst, less frequently, nearly 
all the growths are of the yellow variety. The condition 
of the pulmonary tissue which is situated between the 
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The histological characters of the firmer grey nodules 
differ somewhat from the preceding. In these the celin- 
iar infiltration and thickening o( the alveolar wall ia 
mach more marked, and manj of the alveolar cavities 




A portion of a rdlam 1\iitn^ from fie Lsvg in a 
Can Iff Arute Tubercvlnii; — Showing the ttpgeneralion 
of the central portions of the nodule e, and the cellolsr 
thickening of the alveolar walls and accumulations 
within the alveolar cavities at the periphuQ-p. k 100. 

are occupied hy giant cells, these probably originatiog, s 
described by Dr. Klein, from the alveolar epithelium. 



• These larRe multinucleated cells are stated bj Dr. Klein 
(liK. cil.) to originate either by the fusion of the alveolar epitbe- 
linni, or by the eicfsaiva devefopmeot of one epithelial cell. SiDce 
the publication of Dr. Klein's alaleraent I havefriquentlyobaerred 
thpBB cells sitnaled distinctly in the alveolar cavities, aud I hivt 
little doubt they originate in the way Lo describes. 



TOBBECPLOSIS OF THE LUNGS. 

Fio. 85. 




IniaH »rt Grev Tubercle from the Limg in a Cote ofAaite 
tntiUait. — The whole of the tiibercLn is shown in the 

drawing, Hnd it is obviously coastiluW largBlj of intra. 

alveolar products, x lUO, reduced M J. 




A portion <tf a fmall idft Grey Tubtrtie from UHLang.—Tbit 

Blue than Ihst from which Fig. So wu drawn. The figure 
shows one of thn alveoli fiUed with epitbelisl elemenbi and 
a few sma)! cells, with some cellular infiltnUao of tbs 
alveolar wall, x 2U0. 
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nodules, anil iu the intenaity of the tttberoalona process,* 
IE the intenBity of the process be considerable, the nodules 
will consist in the main of accamnlatioaB of epitheliain 




A firm Cny Tubercle, 

around separate centn's, tbo nodule tunsietiug of 
soveral giaut-cell sjeUiuis. x 83. 

within the palmonary alveoli, and the nodale will rapidly 
undergo disintegration. (See Fig. 87.) If the process be 
less intense, and the nodnles attain a more advanced age, 
degeneration will he less rapid and complete, the cellular 
infiltration and thickening of the alveolar walls will be 
greater, and the epithelial elements may form large mul- 
tinucleated cells. (See Fig. 88 ) Lastly, iu the least 



• lutensity lompriBes two factors— BOTerity of iaiurj and Boa- 
ceptibility of injured liaaue. In scrofula, for eMmple, tlio suscep- 
tibility of the tissue is gTOftt, and the intenaitv of tuberculous 
procsBseB ib often coDsidsrable. (See " Inflammation.") 
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iotense and most chronic processea, the development of 
mnlti nucleated elements and the formatian of the net- 
work of branched cells reaches its maiimnm (see Fi)(S. 79 
and ft)), degeneration takes place slowly in the central 
portions of the uodnle, and there is often considerable 
fibroid indnration of the new tissue. There is thns a 
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close analog; between the tissue changes resalting from 
tuberculosis of the langs and those which result from other 
inflammatorj processes. (See "Chronic iDBammations."} 
The degeneration of the lesions is mainlj owing to the 
interference with their raecular supply, cansed bj the 
pressure exercised upon the blooil-Te^seeU by the intra- 
alveolar accumulations, and the obliteration of the vessels 
b; the cellular infiltration of the alveolar walls* 

• For » more complPle •froonl o( Pol-nooirr Tnly-regloaia ttw 



CHAPTER XXXII. 

PYiEMIA AND SEPTICEMIA. 

The diseases known as Pyaemia and SepticaBmia resnlt 
from the absorption and dissemination of septic sub- 
stances, derived usually from the products of some acute 
inflammation. They are very closely allied, and very 
frequently associated. Septicaemia, however, is a some- 
what more simple process, and it will therefore be con- 
sidered first.* 

SEPTICJEMU. 

By Septicaemia is generally understood those forms of 
septic poisoning which are unaccompanied by the 
development of secondary centres of inflammation or 
suppuration. 

When a person receives an external injury sufficient to 
produce a wound of considerable extent, the resulting 
inflammatory process is usually followed by a general 
disorder of the vital functions, the most prominent 
symptom of which is pyrexia. This pyrexial state, which 
so commonly occurs after surgical operations and other 
extensive local injuries, is what is usually known as trau- 
matic or surgical fever. Respecting the cause of this 



* The terms pyaemia and septicaemia are used in different senses 
by different pathologists, and our knowledge of these and allied pro- 
Cbsses is still undoubtedly incomplete. The Eeport of the Com- 
mittee appointed by the Pathological Society of London to inves- 
tigate the nature and causes of Pyaemia, Septicaemia, and Purulent 
Infection, is an admirable account of what is at present known of 
these subjects. Trans. Path. Soc. Land. 1879. 
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fever — it is probably mainly due to tbe absorption of 
small quantities of decomposing matter from the surface 
of the wound. Whatever, therefore, prevents septic 
changes in the inflammatory products, or interferes with 
the absorption of the septic fluids, will prevent the fever. 
Absorption, as will be seen presently, is prevented by the 
formation of healthy granulation tissue. 

Closely allied to this traumatic or surgical fever is the 
condition known as aepticce^fda. ' Here, also, there is an 
absorption of septic matter from some local lesion, but 
the general disturbance of the vital functions to which it 
gives rise is much more considerable. Septicssmia appears 
therefore to differ from simple traumatic fever mainly ia 
this — that in it the infective process is one of much 
greater intensity. No sharp line of demarcation, how- 
ever, can be drawn between the two. 

The clinical phenomena of septicaBmia, as observed in 
man, are characterised not only by pyrexia, but also, in 
severe cases, by vomiting, diarrhoea, muscular enfeeble- 
ment, affecting particularly the heart and respiratory 
muscles, and ultimately a condition of collapse which 
tends to terminate in death. After death the blood is 
found to be darker and less firmly coagulated than usual. 
Extreme congestions and ecchymoses are met with in in- 
ternal organs, especially in the heart, lungs, and gastro- 
intestinal mucous membrane. The spleen, liver, and 
other viscera are enlarged, friable, and abnormally vascu- 
lar ; and little patches of lymph are seen on the pleura 
and pericardium. Metastatic abscesses and all other 
secondary inflammatory lesions are completely absent. 
Such pure uncomplicated cases of septicaemia are, how- 
ever, comparatively infrequent, the septicaemia being 
usually associated with the development of secondary 
inflammations — a pyaemia. A simple septicaemia is 
perhaps most common in the puerperal state (Puerperal 
Septicaemia). 

In studying the pathology of septicaemia we must con- 
sider — 1. The nature of the infective material — ^the septic 
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poison, and the condttioua nndar which it is produced; 
2. The circumstaDces nhich iDflnence its absorption and 
dissemination ; and 3. The changea which it produces io 
the circnlatini; blood- Our knowledge on all these 
qoestiouH has been derived mainlj from the experimental 
iuTestigation of infective processes indaced in the lower 
animale ; and amongst those who have contributed most 
largely to this knowledge during the past few years are 
Proresaore Billroth, Bergmann, Koch, and in onr own 
country, Dr. Bnrdon Sanderson.* 

1. The Septic Poison— Firstly, with regard to the 
infective material, and the circumstances ander which it 
is produced. In the natural disease this material origi- 
nates in connection with some local inflammation, or 
much less frequently with some wonnd in which no in- 
flammation is present — as the uterus after delivery. It 
is in the albuminous hquids of such local lesions that 
the septic poison is produced, and its production appears 
to be invariably associated with the putrid deeompoeition 
of the liquid. In the disease artificially indaced in the 
lower animals the poison i» introduted from without, and 
consists of some putnd liquid such as a pntrid infusion 
of muscle 

It IB well known that the pntnd decomposition of 
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albuminoas liquids is alwajs associated with the presence 
in them of bacteria, or their germs. (Fig. 91.) In a series 
of experiments made in the laboratory of the Brown 
Institution in 1872, with the object of determining the 
nature of the septic poison. Dr. Sanderson fonnd that 
these, or similar organisms, abounded in all liquids which 
were capable, when introduced into the circulation of an 
animal, of producing septicsemia ;* and from the results 
of these and other more recent experiments. Dr. San- 
derson concludes that the agency of bacteria is essential 
for the production of the septic poison. 

But although the production of the poison appears to 
be invariably associated with the presence of bacteria, it 
is something quite distinct from the process of simple 
patrefactiYe decomposition. That this is so has been 
proved by Bergmann, who has shown that the poison can 
be produced by the action of bacteria on non-albuminous 
liquids ; and also that if bacteria be grown in such non- 
albuminous liquids, the first crop, which are rod-shaped, 
actiye organisms (bacteria proper) are inert ; but a« the 
process of cultiyation proceeds, spheroidal and less active 
organisms are produced (micrococci), and the liquid 
becomes intensely virulent. From these facts Dr. San- 
derson infers that the poison is not a product of the 
septic disintegration of protein substances, but some- 
thing much more intimately associated with the existence 
and g^wth of the organiums themselves. 

The production of the poiik>n being thus dependent 
upon the agency of bacteria, the question arises whether 
its effects are due to the direct action of the organisms 
themselves. In 2mswer to this question, the results of 
Dr. Ander s experiments appear to be conclusive. This 
observer has shown that tlus complete destmction of the 
organisms in a liquid which has been proved to be septic 
in no way impairs the virulence of its action.'f 



• - Tnns. Path. 8oc. Lood," toL xxiiL 1W2- 
t Ander's ^Giftige Wirlmig ron dnrefa Bakterien betrfUiCe 
Xahrililwriskcit:^ Demladke ZeUadkn/t f6r OUnayie, voL vit 
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From these investigations we mnst therefore conclude 
that the septic poison is a product of the growth of 
bacteria ; but, says Dr. Sanderson, bacteria are iyicapahle 
of producing the poison in the healthy organiam. The 
condition which appears to be necessary for the develop- 
ment of the poison, is some abnormal state of the living 
tissues, such as is produced by injury. It is in the pro- 
ducts of such injured tissues that the development of 
the bacteria and the production of the poison can take 
place, and it is consequently in some inflammatory lesion 
that septic processes most frequently originate. 

Inasmuch as the agency of bacteria is essential for 
the production of the septic poison, it will be readily 
nnderstood why, in the majority of causes, septicaemia 
originates from lesions which are in direct communication 
with the external air, and also why the development of 
septic processes is favoured by the crowding together 
of persons with open wounds ; for, as pointed out by Mr. 
Savory, the decomposition of an animal fluid is hastened 
by the introduction into it of any other animal matter 
which is also undergoing active putrefactive change.* 

2. Tlie absorption of the Poison, — Having discussed the 
nature of the poison, and the circumstances uuder which 
it originates, it remains to consider how it becomes 
absorbed and is disseminated. Putrid liquids in contact 
with injured tissues — ^liquids capable of producing the 
most intense septic processes if artificially inoculated — 
do not always become absorbed. The causes which in 
some cases favour their absorption, and in others prevent 
it, must be looked for, according to Mr. Savory {loc cit.), 
in the condition of the tissues with which* they are in 
contact. A fresh wound is a very readily absorbing 
surface, but Billroth and others have shown, experi- 
mentally, that healthy granulations offer a decided 
obstacle to the absorption of fluids from their surface. 



• " Discussion on PyeBmia at CIiDical Society." Mr. Savory.— 
Trans. Clin, Soc. Lond,, vol. vii. p. IxxW. 
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When, however, the granulations become partially de- 
stroyed, or are in an unhealthy condition, iiuids readily 
X>ermeate them. It must, then, be considered as exceed- 
ingly probable that the absorption of the poison is in- 
timately connected with some abnormal condition, due to 
injury or disease, of the tissues with which it is in contact. 
The poison, when absorbed, is disseminated by means of 
the veins and lymphatics. 

3. Changes produced by the Poison i/n the Blood, — 
Respecting the changes produced by the septic poison in 
the circulating blood, and in the organism generally — 
the results of the experimental production of septicssmia 
show that, in many cases, these are in direct proportion 
to the quantity of the poison that is introduced ; whilst 
in others the poison mtdtvplies after its absorption, and 
its efEects, therefore, are not proportionate to the quantity 
absorbed, but the intensity of the process gradually in- 
creases. In the former case the blood, merely coataining 
the original quantity of the poison much diluted, is inca- 
pable of setting up a similar process in another animal ; 
whereas in the latter, inasmuch as the poison increases, 
the smallest drop of blood may be intensely infective. 
Clinically, these two classes of cases are still very imper- 
fectly distinguished.* The multiplication of the poison 
will be again alluded to when speaking of pyasmia. 

Before concluding this part of the subject, further 
allusion must be made to the character of the blood in 
septicaemia, and to the changes which are observed in the 
organs after death. The extent to which the blood is 
altered varies considei^bly, both in septicaemia and 



* According to the report of the committee appoint-ed by the 
Pathological Society, already alluded to, those cases of septicemia 
in which there is no multiplication of the poison in the blood are 
due simply to the absorption of the chemical products of putrefac- 
tion ('* Septic Intoxication"); those cases in which the poison 
multiplies and in which the disease is truly infective (communi- 
cable by inoculation from animal to animal) depend upon the 
absorption of some virus which is developed in the decomposing 
organic matter (" Septic Infection"). The two conditions may be 
associated.— TrofM. Path, Soc. Lond^ 1879. 
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pyaBmia, according to the virulence of the poison. In 
the more severe cases this fluid is darker in colour and 
coagu lates less perfectly than in health . The red corpuscles 
also tend to aggregate in clumps instead of rouleaux; and 
they often undergo dieintegration during life, so that the 
serum is stained with hsBmoglobinimmediately afberdeath. 
One of the most important features, however, in con- 
nection with the blood is the marked tendency to conges* 
tion and blood-stasis which characterises both the 
natural and the artificially induced diseases. With re- 
gard to the causes of these circulatory phenomena — ^tbe 
investigations of Dr. K5hler appear to show that they 
are partly due to the destructive action of the poison on 
the white blood-corpuscles, and the consequent liberation 
of the ferment upon which the process of coagulation 
depends.* (See "Thrombosis.") From the report of 
the committee appointed by the Pathological Society, 
three other circumstances appear to be concerned in 
their production — ^viz., the occlusion of the small blood- 
vessels by micrococci, the destruction and shedding 
of the vascular endothelium, and hypertrophy of the 
intima. The microscopical examination of the various 
organs from cases of septicsBmia and pyaemia by the 
members of this committee showed that the capillaries 
were frequently occluded by dense aggregations of 
minute spherical organisms imbedded in a homogeneous 
substance ; and that similar organisms adhered in 
masses to the walls of the larger vessels. Bacteria were 
found much less frequently. The endothelium of the 
blood-vessels generally was here and there detached ; and 
the intima was often considerably thickened, in some 
cases so much so as to considerably diminish the lumen 
of the vessel. The importance of these changes as causes 
of congestion and thrombosis is sufficiently obvious. 



• "Ueber Thrombose tind Transfusion, Eiter nnd septisch 
Infection und deren Beziehung zum Fibrinfermeut,*' by Dr. Armin 
Ki>hler. Dorpat, 1877. 
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FTJSMIA. 

Pyaemia, as already stated, appears to result from the 
development and absorption of the same poison as that 
^^rliich gives rise to septicaemia. The two conditions are 
tliiis closely allied, and they are very often associated. 

Pyaomia differs from septicaemia in this respect — that 
in. it the absorption and dissemination of the poison gives 
rise not only to an alteration in the blood and a general 
distnrbance of the vital functions, but also to the produc- 
tion of secondary foci of inflammation — the so-called 
metagtaiic ahscesses. It is the production of these 
abscesses, and of other more diffused inflammatory 
lesions, which is the distinctive character of pyaemia. 
It is thus probable that pyaemia is invariably associated 
vrith more or less septicaemia, and it may be regarded as 
a septicaemia in which there are disseminated inflamma- 
tions and suppurations. 

Pyaemia being thus the result of the absorption of the 
same poison as that which gives rise to septicaemia, 
all that has been said respecting the origin and nature 
of this poison, and the circumstances which influence its 
absorption and dissemination from the focus of infection, 
applies equally to both diseases. What remains for con- 
sideration are the differences in the effects which are 
produced. It will be well, in the first place, however, to 
describe briefly the pyaemic lesions. 

The lesions which are the most characteristic of pyaemia 
are the so-called metastatic abscesses. These present 
certain pecub'arities. In their earlier stages they usually 
consist of somewhat reddish, friable, granular-looking 
masses of consolidation, which are surrounded by a thin 
zone of red hyperaemic tissue. These masses are fre- 
quently wedge-shaped, the apex of the cone being towards 
the centre of the organ. They vary considerably in size, 
some not being larger than a small pea, whilst others 
exceed the size of a chestnut. The consolidated mass soon 
assumes the characters of an abscess. Its more central 
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portions become softened and pamlent, and nltimately it 
tends to become converted into a collection of pus and 
broken-down tissne, this being still snrronnded bj a thin 
red zone of induration. These metastatic abscesses are 
met with most frequently in the lungs ; but they also 
occur in the liver, spleen, kidneys, and in other internal 
organs. They are more commonly found near the surface 
than in the more internal portions of the organ, often 
being situated immediately beneath the fibrous capsule. 

In addition to these abscesses, more diffused inflamma- 
tory lesions are met with in pyasmia. These consist chiefly 
of suppurative arthritis, and of inflammations of the sub- 
cutaneous cellular tissue and serous membranes, espe- 
cially of the pleursd and pericardium. 

With regard to the pathology of the metastatic 
abscesses — ^they are, for the most part, of embolic origin, 
the emboli originating in the thrombi which form at the 
seat of the primary lesion. The circumstances under 
which thrombi formed in the vessels of a part become 
softened or broken-up, so as to furnish embolic plugs, and 
the way in which these plugs may set up acute inflamma- 
tory processes at the seat of their arrest, has been described 
in the chapters on " Thrombosis" and ** Embolism." It 
will be sufficient in the present place to state that in the 
course of a pyasmic process the coagula which form in the 
vessels at the seat of the pysdmic inflammations become 
infected with the pyaamic poison, and if they soften or 
become broken up so as to furnish embolic plugs, these 
plugs cause secondary suppurative processes in the parts 
in which they become arrested ; and it is to the dissemi- 
nation of these infective emboli that the formation of 
the majority of the metastatic abscesses in pysBmia is 
owing. The more diffuse secondary inflammations of the 
subcutaneous connective tissue, and of serous and syno- 
vial membranes, are probably often unconnected with 
embolism, but are due directly to the altered condition of 
the blood. 

The prominent part which is played by thrombosis and 
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embolism in the pathology of these infective processes 
probably acconnts for the fact, that these processes are, 
in the majority of cases, associated with the development 
of metastatic abscess and other secondary inflammations 
— in other words, that pyasmia is so mnch more common 
than pure septicsemia. The blood-vessels of the primary 
lesion which serves as the starting-point of the infective 
process — nsnally a local inflammation — can rarely be free 
from coagnla, and hence not only is the absorption of the 
poison often delayed (or even prevented), but, when it 
does take place, it is usually associated with the dissemi* 
nation of solid substances derived from the coagula them- 
selves (emboli). 

The occurrence of thrombosis and embolism also 
appears, in some cases, to influence the intensity of the 
infective processes. In simple septicasmia it has been 
seen that the changes produced are often in direct pro- 
portion to the quantity of the poison which is absorbed 
from the primary lesion. In pyaBmia, however. Dr. San- 
derson says, the poison probably multiplies within the 
organism. In attempting to explain this, the experi- 
ments on the ciltivation of the poison are of much value. 
These experiments prove not only that the poison can be 
produced by cultivation, but also that in an artificially 
produced septic liquid the virulence of the liquid increases 
with the development of the bacteria. A simiktr culti- 
vation of the poison probably sometimes occui-s in pyae- 
mio processes, the original poison produced at the primary 
lesion increasing in the secondary and tertiary foci of 
inflammation, and not only increasing, but perhaps 
becoming moie virulent. Although, however, this may 
occur in some cases of pyaemia, it is by no means con- 
stant. In many cases secondary inflammations are the 
principal residt of the dissemination of the septic emboli, 
and there is but little general blood poisoning. 
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CHAPTER XXXIIL 

SYPHILIS. 

The lesions occurring in the course of constitutional 
syphilis are for the most part inflammatory in their 
nature, but in their seat, distribution, aid histological 
characters, many of them present certaia peculiarities 
which make them quite characteristic of this disease. 
The primary syphilitic lesion (usually the indurated 
chancre), the secondary lymphatic gland enlargement, 
and the subsequent series of changes in tie skin, mucous 
membranes, and later — in the nervous sysxm, bones, and 
internal organs, are all of them the results of chronic 
processes, allied to inflammation, induced by the syphi- 
litic poison. 

The lesions, however, which must be regarded as 
especially characteristic of syphilis, are oT three kinds — 
certain fibroid indurations, a form of growth which is 
known as a gumma or syphilitic tumocr, and certain 
changes in the arteries. These forms of bsion are very 
frequently associated, and in many cases it is difficult to 
draw any line of demarcation between them. 

1. Fibroid Changes. — Fibroid indurations are often 
associated with the gummata, and many &broid lesions 
are simply the remains of what were previously gummy 
tumours. 

Fibroid changes also occur very frequently in the 
course of syphilis quite independently of gummata. 
These changes consist in the development of a fibroid 
tissue precisely similar to that met with as the result of 
ordinary chronic inflammation. (See " Inflammation of 
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Common Connective Tissue.") The new tissue, which 
originates aronnd the blood-vessels, and in the earlier 
stages of its growth is more or less richly cellular, pro- 
duces a fibroid thickening of the affected area. These 
fibroid thickenings are characterised by their localisation 
and by the irregularity in their distribution. They 
occupy, for the most part, email areas, and the surround- 
ing tissues are unaffected. It is these peculiarities in 
their distribution and localisation, and not their his- 
tological characters, which render them so characteristic 
of syphilis. 

These fibroid changes are met with in various situa- 
tions—in the periosteum, in the sheaths of nerve- trunks, 
in the capsules and interstitial tissue of organs, and in 
muscle. When occurring in the capsules of organs they 
present very characteristic appearances. In the liver and 
spleen, where they are the most frequent, they give rise 
to an irregularly distributed thickening and puckering 
of the capsule, which is exceedingly typical of advanced 
syphilis. The thickened portions are usually connected 
with dense fibroid septa which pass into the interior of 
the organ ; and there are frequently also numerous strong 
peritoneal adhesions. The gummy masses, about to be 
described, are very often to be found in the midst of the 
fibroid growth. 

2. GumTnata. — These are perhaps more characteristic 
of syphilis than the fibroid lesions, with which, as already 
stated, they are frequently associated. The gummata, as 
usually met with, are moderately firm yellowish-white 
nodules, having often, on section, somewhat the appear- 
ance of a horse-chestnut. They vary in size from a 
hemp-seed to a walnut, and are surrounded by a zone of 
translucent fibrous-looking tissue, which sometimes has 
the appearance of a capsule, and which is so intimately 
associated with the surrounding structures that the 
enucleation of the mass is impossible. In the earlier 
stages of their development, when they less commonly 
come under observation, they are much softer in consis- 
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tence, more Taacnlar, and of a reddiali-whita colour; 
whilst in their more advanced atagea, owing to extonsiTe 
retn^p^SBive changes, they may be distinctly caseoas. 

When the gammata are examined microscopically they 
are found to ooDeist in the main of atrophied, degene- 
rated, and broken down cell-pTodacte, embedded in an in- 
completely fibrillated tisHne. There are, however, aome 
marked stmctaral differences between the central and ex- 
tornal portions of the growtb. The central portions are 
composed almost entirely of 
closely packed grannlar 6S- 
'' •l','"^<' " ' , bria, fat granules, and cho- 

'■'"■" '°' ', ' leaterin, amongat which may 

be an exceedingly acanl; 
fibrillated tissue. (Pig. 92 a.) 
■ „ Surrounding this art A di- 
. \. rectiy continuous with it is 
•: a fibro-nncleated structure; 
'' ^_^ ^"' whilst the peripheral por- 

^„7, . . . , \ tion of the growth is a richly 

r ' I" cellular and vaacnlar tiaane. 

(Fig. 92 6, and Fig. 93.) This 

Biating of granutor d^ris, b, Pe- which ia in direct hiatolc^cal 

i..__i 1.. .^ . p_^ continuity with the snr- 

rounding structures, con- 
sists of small cells, many of 
which resemble white blood-corpusclea, whilst others are 
lai^r and nucleated like the cells of granulation -tissue. 
Theeecells are separated bja scauty,honiogeneoita, inter- 
cellular material and numerons new blood. vessels. 

The three zones above described, wbicb are to be dis- 
tinguished more or less clearly in most of the folly 
developed gammy nodulee, con'espond with three diffe- 
rent stages in their growth. The most external zona, 
consiatiog of the vascular grannlation-tissue, representa 
the early stage of development, and by the continuous 
formation of this tissue the growth may continuously 
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increase. The intermediate more fibroQB zone represents 
the second stage in the process — the development of the 




in the iateilnbular tii 
granulation-tissue into a more oi less completely 
fibrillated stmctare. The characters of this fibrillated 
tissoe vary in different growths. In some the fibrilktion 




le of Iheee fonuatiODB. x 200. 

is verj distinct ; in others, the tissue is dense and 
cicatricial in character ; whilst, less freqnentlj, it con- 
sists of a reticalated stractare within the meshes of 
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which are grouped round small cells. (Fig. 94) The 
central zone, consisting of the amorphous granular ma- 
terial, represents the oldest portion of the growth — ^that 
which has undergone retrogressive changes. The blood- 
vessels, which only exist in the zone of proliferation, 
appear to become obliterated in the process of develop- 
ment, and this accounts for the rapid degeneration of 
the central portions of the growth. It is probable that 
this obliteration of the blood-vessels may be due to the 
changes in the arteries about to be described. When the 
tumour is large, it may sometimes be seen to be made up 
of several distinct smaller growths, each presenting at 
its circumference the more perfect cells, whilst it-s central 
parts are granular and amorphous. 

It would thus appear that the first stage in the process 
of formation of these gummy growths consists in tbe pro- 
duction of a highly organised and vascular granulatioD- 
tissue. This new tissue, although it may develop into an 
incompletely fibrillated structure, soon undergoes de- 
generation. The degenerated elements become closely 
packed in the centre of the growth, whilst prolifpration 
and incomplete fibrillation continue at the circumference. 
The central portions of the growth occasionally become 
calcified, but more commonly they gradually become 
absorbed, and a mere puckered fibrous cicatrix may thus 
ultimately occupy the seat of the original tumour. This 
is one of the ways in which the fibroid lesions originate. 

The gummata are the new formations most charac- 
teristic of syphilis. They are met with in the skin and 
sabcutaneons cellular tissue, in the submucous tissue, in 
muscle, fascisB, bone, and in the connective tissue of 
organs — especially of the liver, brain, testicle, and kidney. 
They also occur, but much less frequently, in the lungs ; 
as do also simple localised fibroid indurations. When 
situated in the submucous tissue, the mucous membrane 
usually becomes destroyed, and a deep ulcer foi-ms. This 
is seen in the pharynx, soft palate, tongue, larynx, and in 
'ther parts. These true gummy ulcerations must be 
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distingniahed from the anperficial ulcprations reBolting 
from inflammatory proceaBes in the lymphatic Btmctures, 
^hich also occur in syphilis. 

3. Changes in Jt-ierie*.— Certain ohangCB in the 
cerebral arteries have been described by Heubner as 
ctaracteriBtic of ByphiliB. These changes ha-ve been 
brought prominently before English pathologists by 
Drs. Greenfield, Barlow, and others ;• and the investiga- 




StiphUUic Diteaie qf Cerebral 



A. Segment of middle cerebml arl«ry, IraDSTerse aecUon — 

i, thickened innvt coal; e, tudollielium ; /, membrana 
teuBBtrata; m, miiaculiir cost; n, ftdventitia. x 2UU, 
redaced i. 

B. Small artery of Pia Mater, transverse eectiOD. — Showing 

(bickeoed iontr coat, dimiuisbed lumen of veaBel, and 
considerable infiltration ol adventitia. The cavity of 
the vessel ia occupied by ■ clot (? thrombua). x 100, 
reduced |. 



• "Trans, Path, Soc Lotid.," vol x: 
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tions uf the first-named of these obsenrers would tend to 
Tender it probable that similar changes occur in the 
arteries in other situations. 

In the cerebral arteries the changes produce opacity 
and marked thickening of the vessel, with considerable 
diminution in its calibre. It is this diminution of the 
lumen of the vessel which is especially characteristic. 

When transverse sections of the vessels are examined 
microscopically, the principal change is seen to be situated 
in the inn^r coat« It is well shown in the accompanying 
drawings made from specimens kindly lent to me by Dr. 
Barlow. (Fig. 95.) This coat is considerably thickened 
by a cellular growth. The growth, which is limited 
internally by the endothelium of the vessel (Fig. 95a. e), 
and externally by the membrana fenestrata (Fig. 95a./), 
closely resembles ordinary granulation-tissue, consisting 
of numerous small round and spindle-shaped cells. This 
tissue appears gradually to undergo partial development 
into an imperfectly fibrillated structure. 

In addition to ^is change in the intima, the outer coat 
is abnormally vascular and infiltrated with small ceUs 
(Fig. 95a, a), and this ceUular infiltration usually also 
invades the muscular layer (Fig. 96a, m). 

The result of these changes in the inner coat is to 
diminish very considerably the lumen of the vessel (Fig. 
95b) ; and the consequent interference with the circula- 
tion frequently leads to coagulation of the blood (throm- 
bosis) and cerebral softening. 

Dr. Greenfield's observations* as already stated, tend to 
show that similar arterial changes occur in other parts, 
and that they account for the degeneration of syphilitic 
gummata. 

STrUILITIC DISSASS OF THE UTBB. 

The liver is one of the most frequent seats of syphilitic 
lesions. The most common change is the development of 
fibroid and gummy growths in the substance of the orgaa 
These growths are strictly localised, the surrounding Kver. 
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tissue being healthy. The growths — which are usually 
connected with fibroid thickenings of the capsule— 
sometimes consist simply of a dense fibroid structure. 
[More commonly, however, gummy masses are found 
imbedded in the fibroid growth. In the former case it is 
possible that the gummy mass may have become absorbed, 
leaving merely its fibroid cicatrix. 

The development of these growths produces very 
maTked alterations in the form of the liver. Scar-like 
depressions are seen on its surface, and the organ is 
irregularly, and often very deeply puckered. 

A more general fibroid change, not associated with the 
formation of gummy masses, is occasionally met with in 
the liver in inherited syphilis. This change closely 
resembles ordinary cirrhosis, although the intercellular 
network of the liver is usually more extensively involved. 

Xiastly, it must be mentioned that the liver in syphilis 
is frequently lardaceous. 



It is unnecessary to describe particularly syphilitic 
lesions in other organs, as they all present the same 
general characters — viz., strictly localised fibroid, or 
fibroid and gummy growths. 



CHAPTER XXXIV. 

INFLAMMATION OF NON- VASCULAR TISSUES. 

INFLAMMATION OF CARTILAGE. 

The phenomena of acnto inflammation in cartilage, 
although comparatively rare in man, have been stndied 
by the artificial production of inflammation in the arti- 
cular cartilages of the lower animals. They consist in 
changes in the cartilage itself, and in the vessels of the 
adjacent synovial membrane and bone, from which the 
cartilage receives its nutritive supply. Respecting the 
vascular changes, these are such as have been already 
described as characteristic of inflammation. 

The changes which take place in the cartilage itself 
have been believed to be accompanied by activity of the 
cartilage cells, by their proliferation, and the production 
of new elements. Such changes are represented in 
Fig. 96. The results of recent investigations, however, 
tend to show that the cells of the cartilage really remain 
inactive in the process of inflammation, and that all the 
young elements are emigrants from the vessels. 

Whether the cells of the cartilage take any active part 
in the process or not, their capsules become destroyed, 
the intercellular substance softens and breaks down, and 
numerous small cells take the place of the original tissue. 
(Fig. 96 e.) As the process proceeds the new cells and 
granular debris escape from the surface of the cartilage, 
which thus becomes irregular, presenting numerous 
elevations and depressions: this is acute ulceration of 
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cartilage. Whilst these changes are taking j^l&ce in the 
cartilage itself, uaineroQB new blood-vessels are fortned 
from those in the adjacent hone or synovial membrane ; 




Sectim of /njdmKrj Cartilagt.—a. The normal nrtilage- 
cells. b. The sanie eolaiKed. d. Hntti plica tiou of celle 
within tbeir capsules, e. Gnat increue in the unmber of 
the jonng celle. sod destractiOD o( (be mterceUolar gnb- 
stance. x 250, (Coniil and BanTier.) 

tbe little loops of new vessels dipping into the softened 
cartilage. This process of softening and nlceration may 
go on until the carUlage is completely destroyed, or it 
may become arrested. In the latter case the young 
cells form a graanlation-tisene, this tissae fibrillalfs, and 
the lost cartilage thus becomes replaced by a fibroid 
stractnre. 

When the inflammation is less severe and mus a more 
chronic coarse, the cellnlar infiltration is less abnndant, 
and the intercellular sabatance is less destroyed. The 
newly formed cells are more highly organised, and whilst 
many of them undergo retrogresitive changes, others form 
a fibrillated tissne. Irregular cavities may thos be pro- 
duced in the midst of a fibrillated cartilage. 

Erotum of GaiiQage. — Allnsion mnst be made here 
to a morbid condition of cartilage which is common 
in people past middle life. It consists in t;he occnrrence 
apon the surface of the articular cartilages of small, 
yellowish, floccnient spots, which gradually increase in 
size, and ultimately break down and become destroyed. 
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leaving a superficial erosion. The change occtirs most 
frequently in the cartilages of the patella and of the 
knee-joint, and in other sitnations in which the cartilages 
are especially subjected to pressure. 

When the diseased portions are examined microscopi- 
cally, the most marked alteration is seen to consist in a 
fibriUation of the intercellular substance of the cartilage. 
Some of the cartilage-cells are also increased in size and 
show signs of proliferation ; whilst others are in various 
stages of fatty metamorphosis. The change appears to 
result from long-continued irritation due to pressure, and 
it may be regarded as an irritative process, in which, 
owing to the natural poverty of the vascular supply, 
retrogressive changes occupy a prominent place. 

INFLAMMATION OF THE COKNEA. 

The process of inflammation as it occurs in the cornea 
has been chiefly studied in the frog. After injury of the 
frog's cornea, the earliest changes observed consist in 
the conjunctival epithelium becoming visible, and in the 
appearance amongst the epithelial cells of a few leuco- 
cytes, which have probably escaped from the hyperaemic 
vessels of the conjunctiva. The cornea cells and their 
prolongations then become visible (they are invisible in 
the healthy cornea, which appears perfectly structure- 
less), and the intercellular substance gradually becomes 
increasingly opaque, owing to its infiltration with small 
cellular elements (leucocytes). These are so numerous 
and increase so rapidly, that they must undoubtedly be 
regarded as, in the main, emigrant white blood-cor- 
puscles. It was formerly believed that the cells of the 
cornea exhibited active changes, and that from them 
many of the new elements which are seen in the intercel- 
lular substance were produced ; but here, as in cartilage, 
all recent investigations render it more probable that they 
really remain inactive. As the number of young elements 
Uicr«iikses the consistence of the cornea becomes dimi- 
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nished, until ultimately the tissue breaks down and is 
destroyed. 

The inflammatory process may continue until the A\hole 
of the substance of the cornea is softened and destroyed ; 
or it may become arrested. In the latter case more or 
less thickening and opacity of the cornea will result, 
owing to the increase in the number of cells and the 
changes in the intercellular substance. 



y2 



CHAPTER XXXV. 

INFLAMMATION OF COMMON CONNECTIVE TISSUE. 

Common connective tissue is one of the most frequent 
seats of the inflammatory process, not only the snbcuta- 
neons connective tissue, but also the connective tissue 
of organs and of other parts. 

If connective tissue be examined a few hours after the 
infliction of an injury, it will be found that in place of 
the fibrillated substance and fixed conuective-tissue cells 
of which it is normally composed, the tissue is infiltrated 
with small round cells (leucocytes), and that the fibril- 
lated intercellular material has become homogeneous 
and gelatinous in consistence. The number of these cells 
gradually increases, and the intercellular substance gra- 
dually becomes more completely destroyed, so that ulti- 
mately the tissue consists almost entirely of small round 
cells, held together by a small quantity of soft gelatinous 
intercellular material. 

Respecting the source from which these young elements 
are derived — i.fi. how far they are emigrants, and how 
far they are the ofEspring of cells belonging to the con- 
nective tissue — there appears to be little doubt that they 
are almost entirely emigrants ; and it is also extremely 
probable that the escaped corpuscles multiply by division. 
It was formerly supposed that the connective-tissue cor- 
puscles multiplied very rapidly in inflammation, and that 
the newly formed cells were entirely the • result of their 
proliferation, but the investigations of Professors Cohn- 
heim, Strieker, and others, show that this view is 
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erroneous ; and according to Colmheim, these corpuscles 
take no part whatever in the inflammatory process. 
Professor Strieker, however, has observed them under- 
going active movements in the inflamed tongue of the 
frog, and although he has never seen them divide, he con- 
cludes that they may probably do so in the latter stages 
of the inflammatory process. The present state of our 
knowledge respecting inflammation of connective tissue 
would therefore appear to justify the conclusion that in 
the early stages of the process all the young cells are 
emigrants, but that in the latter stages a few of them 
may possibly be derived from the proliferation of the 
fixed connective-tissue cells. 

Such being the nature of the changes which more 
immediately follow injury of the connective tissue — the 
inflammatory process may terminate in resolution^ in 
organisation, or in suppuration. 

Resolution. — If the injury sustained by the tissue is 
not severe, the inflammation may gradually subside, the 
process terminating in resolution. In this case the 
hyperaemia diminishes, the emigration ceases, some of 
the young cells undergo fatty metamorphosis, others pass 
into and are removed by the. lymphatics, and the tissue 
gradually returns to its normal condition. (See " Ter- 
minations of Inflammation.") 

Orga-NISAtion. — If the inflammatory process does not 
terminate in resolution, many of the young cells may 
become more fully developed, and ultimately form a 
fibnllated tissue. This organisation of the inflammatory 
formation, or " productive" inflammation, is seen in the 
healing of wounds, the repair of ulcers, and also in many 
of the chronic inflammations of the kidney, liver, and 
other organs. In order for it to occur it is necessary 
that there should be a considerable diminution in the 
intensity of the inflammation. (See " Terminations of 
Inflammation.") 

The process of organisation consists in the develop- 
ment of many of the small round cells into larger 
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elements, the formation of new blood-vessels, the fibrilla- 
tion of the new strncture, and its conversion into a matnre 
connective tissae. These changes are similar to those 
which occnr physiologically in the development of con- 
nective tissue from the cells of the embryo. 

The first change observable in the small roand-celled 
inflammatory production, usually about the fifth day, is 
the appearance in it of some larger elements. These are 
spherical masses of protoplasm, double the size of the 
smaller cells, with large round or roundly-oval nuclei, and 
slightly amiBboid. The number of these larger cells in- 
creases, and some of them become more fully developed 
and contain two nuclei. Many of them also throw out 
processes and become branched, and the branches uniting 
with those of neighbouring cells a more or less reticulated 
structure is produced, within the meshes of which are 
contained many of the smaller undeveloped elements 
(leucocytes). Somewhat later a few much larger masses 
of protoplasm containing several nuclei (myeloid cells) 
are seen, which help to form the branched reticulum. 
This structure, consisting, in the main, of single nucleated 
more or less branched cells, with often a few myeloid 
elements, constitutes what is known as granulc^ion-tisstte. 
With regard to the mode of development of this tissue 
from the primary inflammatory formation — ^it probably 
takes place, for the most part, by the progressive growth 
of some of the small cells, although the investigations 
of Ziegler seem to show that some of the larger may be 
formed by the union of some of the smaller elements. 

Whilst these cell changes are taking place the tissue 
becomes permeated with new blood-vessels. These, 
which usugdly appear about the fourth or fifth day, are 
essential to development. If the tissue is incompletely 
vascularised it undergoes retrogressive changes. (See 
" Scrofulous Inflammation.") Our knowledge of the 
process of vascularisatiou is still somewhat incomplete, but 
it is probable that the new vessels are formed by the 
canalisation of the branched cells. 
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The neit stage m thp process consists in the develop- 
ment of the vasoulariaed gr»jiulat on tissne mto a fibroid 
or alenoid structure Many of the small roand cells now 
disappear there is a tendency in the large ones to 
become lengthened and to assume a apindle shape the 
bodies of the cells spl t up bo as to form fibrils the 
newly formed capillaries gradually disappear and the 
nchly cellular tiiisue thus be'-omes converted ato a more 
or lesa dense structure which is characterised hy the 
gradual process of contraction which it undergoes This 
18 usually known as eieatrunal tisiue 




mv>d 



The characters of this new tissue present certam varia- 
tions Sometimes it consists of clo=ely packed wavy 
libres amongst which are a tew elongatel spindle shaped 
elements snch aa are represented in Fig °7 s It is 
equally common for the t ssne U) assame the appearance 
ahown in F g ^7 4^-a dense homogeneous or obscurely 
fibn lated material forming meshes of various eizes, 
within whi h are grouped a few lymphoid cells (See 
aluo Pig 115) 1 hese two varieties are very frequently 
associated in the same specimen, the former representing 
a higher degree of development than the tatter. 

iSuPPUBATiON. — When the inflammatory process is so 
intense or so prolonged as to prevent the o 
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re»unlution or immediate or^nisatinn the jonD$; cells 
iuliltrate the tissue d such nnmbers tl at they ma; 
iiccnmalate so as to const tute pus Ibe pus m&y 
either become collected to ether withm the t ssue 60 as 
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200. (Kindflei. 

o form an abscess, or it may be continnoasly dischai^ 
from the sqrf&ce. as in a gnualating wound. The 
deleteriooB influence which the pus exercises upon the 
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tissnea with which it comes in contact, cansing their 
deHtrnction and absorption, has already been alluded to. 
(See " Suppuration.") 

Organisation after Suppuration. — This constitutes what 
is generally known as healing by gi'anulation, or by the 
second intention. It takes place in wounds in which, 
from the non -apposition of the wounded surfaces, union 
by the first intention has not been eflfected ; and in other 
lesions in which the injured tissue presents a free surface, 
as an ulcer. The process of repair after the separation of 
a dead part (demarcation and separation) is in the same 
way effected by granulation, as is also the closing of the 
cavity left after the discharge of the contents of an 
abscess. In all these and similar c^rSes the inflammation 
and suppuration of the tissue are followed by the forma- 
tion of granulations, and by the subsequent develop- 
ment of these into a fibrillated structure. 

The process of organisation in these cases is effected, in 
the first place, by the development of the young cells in 
the superficial layers of the inflamed tissue into a granu- 
lation-tissue, in the same manner as when there is no 
suppuration. This granulation -tissue, however, being 
situated superficially, and not being subjected to pres- 
sure, becomes arranged in the form of small papilliform 
nodules, which are known as granulations. This arrange- 
ment of the granulation-tissue in the form of granula- 
tions appears to be determined by that of the new 
capillary blood-vessels which are developed so rapidly in 
it. These vessels form little vascular loops, and the 
young cells are arranged around them so that each loop 
corresponds with a single granulation. The deeper layers 
of the granulation -tissue gradually become developed 
into a fibrillated structure, whilst the cells on the surface 
of the granulations, together with the liquids exuded 
from the subjacent vessels, are discharged in the form of 
pus. (Fig. 98.) 



CHAPTER XXXV I. 

INFLAMMATION OF BONE. 

Inflammatory processes in bone give rise, for the most 
part, to an increase of mednllary tissue, and to softening 
of the compact osseous structure. 

The process takes place in the medullary tissue and in 
the Haversian canals, the primary vascular phenomena 
being accompanied by an abundant emigration of blood- 
corpuscles. The cells in the medullary spaces and 
Haversian canals also undergo changes. In those which 
contain fat — the adipose cells — the fat is absorbed. Some 
of the cells enlarge and their nuclei multiply, and thus 
are produced large multinucleated elements (myeloid 
cells), similar to those usually met with in growing bone. 
Whether there is any new cell-formation is uncertain. 
As the result of these changes, the medullary spaces be- 
come occupied by a richly-cellular tissue. 

Whilst these changes are taking place in the medullary 
tissue, the surrounding osseous lamellae are gradually 
absorbed, the lime salts are removed, and in this wav 
the medullary spaces and Haversian canals increase in 
size, and ultimately become confluent. There is thus a 
new formation of medullary granulation-tissue at the 
expense of the compact osseous structure, and the bone 
becomes exceedingly spongy, soft, and vascular. 

If the process be not severe it may occasionally, in its 
earliest stage, terminate in resolution. More commonly, 
however, it continues until more or less of the bone 
becomes replaced by the inflammatory tissue. If the 
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inflammation be of considerable intensity it leads to tlie 
formation of pus. The cellular infiltration increases, the 
compact osseous tissue becomes more and more absorbed, 
and the pus which is produced may accumulate beneath 
the periosteum or in the centre of the bone, so as to form 
an abscess. This constitutes the condition known as 
osteo-myelitis or acute ostitis. These intense forms of 
inflammation often lead to necrosis of the bone. 

When the inflammation is of much less intensity, the 
new inflammatory tissue may undergo progressive de- 
velopment, and form new bone. In this case a new for- 
mation of osseous tissae takes place in the enlarged 
Haversian canals and cancellous spaces, so that the bone 
becomes converted into a heavy dense structure, consist- 
ing of hard compact osseous, with very little cancellous, 
tissue. This is sclerosis of bone. 

Periostitis. — Inflammation of the periosteum may be 
localised or diffuse, acute or chronic. Acute inflamma- 
tions of the periosteum lead to the formation of pus, 
which accumulates between the bone and the periosteal 
membrane. This, by interfering with the vascular supply, 
frequently causes necrosis of the superficial layers of the 
bone; and if a large portion of the periosteum be in- 
volved, and the inflammatory process extend to the deeper 
parts of the bone, the whole bone may die. Another not 
infrequent result of periostitis is a chronic superficial 
inflammation and caries of the bone. 

When the inflammation of the periosteum is less intense 
and more chronic, the new inflammatory growth produced 
in the deeper layers of the membrane may become de- 
veloped into osseous tissue (periosteal ossification).* The 
process thus causes enlargement of the bone, or if this be 
necrosed, it helps to reproduce the lost structure. (See 
" Necrosis.") 

* According to Billroth, this new osseous tissue is partly derived 
from the bone itself, which, he states, is the seat of a superficial 
ostitis. (See " Billroth's Surgical Pathology and Therapeutics," 
translatea by Uackley. 4th edit., p. 419.) 
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Strictly localiaed inflammatioas of tbe periosteum occur 
in the formation of nodes, and here also there is frequently 
a new growth of bone. 

Necrosis. — All conditions interfering with the supply 
of blood to a bone may be causes of its death. Necrosis 
may thus result from accident, portions of bone being 
violently separated from their vascular connections, or, 
more commonly, the periosteum being stripped off and 
injured. Much more frequently, however, it is the result 
of the intense inflammatory processes in the bone or 
periosteum which have been described. 

The bone, when dead, undergoes a gradual process of 
separation from the adjacent living tissue. This is 
effected in the same way as the separation of soft struc- 
tures. (See " Necrosis.*') The adjacent living bone 
becomes the seat of an inflammatory process, a granula- 
tion-tissue and pus are produced, and by this means the 
dead portion is completely separated. When separated 
it is termed a sequestrum. 

The removal of the sequestrum from the granulation- 
tissue with which it is in contact is often only effected 
with considerable difficulty, especially if it be deeply 
seated. This difficulty is occasionally due to a more or less 
thick layer of the old bone surrounding the necrosed por- 
tion. Much more frequently, however, it is owing to the 
participation of the periosteum in the inflammatory 
process. The inflamed periosteum produces new bone, a 
capsule of which is thus formed, enclosing the sequestrum. 
Openings exist in this capsule {chaccs) leading to the 
dead bone, and through these openings the inflammatoiy 
products are discharged. When the sequestrum is quite 
superficial, its removal is, of course, more readily effected. 

Caries. — By caries is understood that inflammatoiy 
disintegration of bone and removal of the dead products 
which corresponds with ulceration of soft parts. Caries 
is therefore one of the results of inflammation of osseous 
tissue. 

Inflammatory processes in bone which are of compara- 
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lively slight intensity have been seen to be characterised 
histologically by a gradually increasing production of an 
inflammatory granulation-tissue from the medullary 
tissue of the bone, and by the absorption of the compact 
osseous structure. This absorption of the bone appears 
to be effected entirely by the new inflammatory growth. 
When these chronic inflammatory processes occur in the 
superficial layers of the bone beneath the periosteum, the 
bone is gradually destroyed, and presents a ragged, 
irregular, exca\rated surface. This is superficial caries, or 
ulceration of bone. The floor of the ulcer consists of a 
cancellous structure containing the debris of the disinte- 
grating process. In many cases there is a marked con- 
densation (sclerosis) of the deeper portions of the bone. 

Chronic inflammatory processes in the interior of bone 
cause in the same way absorption and disintegration of 
the osseous structure. Here, however, the inflammatory 
products being less readily removed, sometimes undergo, 
especially in scrofulous children, a kind of caseous trans- 
formation, and the carious cavity contains molecular 
debris, sanious pus, and miuute portions of dead bone. 
The inflammatory granulation-tissue often projects as 
fungating masses into the cavity. 

Caries is frequently associated with more or less ne- 
crosis, especially when the process affects the interior of 
the bone. Small portions of bone are cut ofi" from their 
vascular supply, become detached, and are found in the 
carious cavity. 

There are two other morbid conditions of bone, which 
although probably not coming^ within the category of in- 
flammation, may be conveniently described in the present 
chapter — ^viz. MoUities Ossium and Rickets, 

MOLLITIES 0SSIX7M. 

Mollities Ossium or Osteomalacia is a rare disease, 
occurring only in adults. It is characterised by a pro- 
gressive softening of the bones, owing to an increase in 
their medullary tissue and the destruction of the com- 
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pact osseoud struoture. The bones become so mucli 
softened that they can be easily cut witb a knife ; they 
are exceedingly light, and bend readily in all directions. 
On section, the cortical layer is found to be almost 
destroyed, the bone consisting of a wide cancellous 
structure containing a reddish, gelatinous, fatty material. 
The nature of the disease is obscure. According to 
Bindfleisch, the change consists in a decalcification of the 
osseous tissue spreading gradually from the medulla and 
cancelli of the bone. The decalcified tissue does not 
become so completely absorbed as in inflammation of bone, 
but undergoes more or less of a mucoid change. Hie 
medullary tissue is exceedingly vascular, but unlike 
ordinary granulation-tissue it usually contains much fat. 
Lactic acid has been found in the bone and in the urine. 
The urine usually also contains lime salts, which have 
been removed from the bone and eliminated by the 
kidneys. 

BICKETS. 

The common disease of children so well known as 
Bickets, or Rachitis, is mainly characterised by certain 
alterations in the bones. The bones generally are softened. 
The ends of the long bones are enlarged, and the flat 
bones are thickened. As a result of these alterations the 
bones become deformed, and their growth is frequently 
arrested. 

Eespecting the nature of this disease, we are at present 
unable to speak certainly. It appears, however, to be 
closely associated with mal-nutrition, and all those con- 
ditions which materially interfere with the nutrition of 
the child may be causes of the disease. 

The alteration in the bones may be briefly described— 
as stated by Sir W. Jenner — as consisting in an increased 
preparation for ossification, but an incomplete perform- 
ance of the process. In a growing bone the zone of soft 
tissue in which the process of conversion of cartilage into 
bone iH taking place is exceedingly narrow, the changes 
in the cartilage involving only one or two rows of the 
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cartilage cells. In rickets this transition zone is very 
considerably widened, the changes in the cartilage cells 
extending for some depth into the cartilage, and the 
adjacent layer of cancellous tissue being much broader 
than natural. The junction between the bone and the 
cartilage is also exceedingly irregular, so that in some 
parts the cancellous bone extends into the cartilage much 
farther than in others. Usually the alterations in the 
cartilage in the transition zone are accompanied by the 
calcification of the new tissue and its conversion into bone. 
In rickets, however, this calcification takes place very in- 
completely, and thus a wide layer of imperfectly calcified 
soft tissue is formed at the growing end of the bone. 

A similar abnormality exists in the process of ossifica- 
tion from the periosteum. Here also the zone of vascu- 
lar granulation-tissue from which the bone is developed is 
exceedingly broad, the calcification of the tissue is exceed- 
ingly incomplete, and the bone thus becomes thickened by 
a soft, vascular, and very imperfectly calcified structure. 
As the bone grows the medullary cavity naturally widens, 
and the compact tissue becomes absorbed. This imper- 
fect formation of osseous tissue from the periosteum pro- 
duces, therefore, considerable softening and weakening of 
the bone. 

The changes in the bones in rickets thus closely re- 
semble those which occur in the normal process of ossi- 
fication. There is the same change in the cartilage 
cells and in the deeper |)eriosteal layers, but this change 
involves abnormally large areas. The development of 
the young cells and the transformation of the new tissue 
appears ulso to be more or less incomplete. In many 
parts the young elements do not form perfect bone-cells, 
but simply angular cells without canaliculi, whilst in 
others the development may be much more complete. 
Various transitions are thus met with between tolerably 
well-developed and very imperfect bone-jstructure, but 
o^ving to ike deficiency of lime salts this structure is 
very imperfectly and very irregularly calcified. 



CHAPTER XXXVII. 

INFLAMMATION OF BLOOD-VESSELS. 

INFLAMMATION OF ARTERIES. 

In studying the process of inflammation in arteries, it 
mnst be borne in mind that the inner coat of these 
vessels is non- vascular, the blood-vessels being distributed 
in the external layers. 

Acute and chronic inflammations of arteries are a very 
frequent result of coagulation of the blood within the 
vessel (thrombosis). Such inflammations have been con- 
sidered in the chapter on Thrombosis. Independently of 
thrombi, the most acute inflammatory processes in 
arteries are for the most part the results of injuries from 
violence, or of inflammation in adjacent tissues. Here, 
the histological changes are principally confined to the 
external coat of the vessel. This becomes exceedingly 
hypersBmic and infiltrated with small cells, the cellolar 
infiltration involving also the middle coat. As a con- 
sequence of these changes in the outer coats the vitality 
of the intima may be impaired or destroyed, and when 
this has occurred the blood contained within the vessel 
coagulates. 

Atheroma. — The more chronic forms of arterial in- 
flammation give rise to changes which are most marked 
in the deeper layers of the inner coat, where they produce 
those various alterations in the walls of the vessel included 
under the common term — atheroma. In the earliest 
stage of the inflammatory process the fibrous and elastic 
lamellae of the inner coat of the vessel become infiltrated 
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with Bma1l cells, which are probably partly emigranta, 
and partly derived from the cells of these stractnrea. As 
these cells increase in number they give rise to a snelliDg 
beneath the innermost layers of thia coat or the artery. 
(Fig. 99.) This smeUing of the intima ie very charac- 




4theroma of Ike Anrla — Showing the cellular iDfillral on 
of the deeper Inji^rs of the inuer coat, aud the consequent 
internal bulping of the vessel. The new tiasue has nnder- 
gone more or leas (atty degeneration. There is alao aorae 
cellular iuflltnitioa of the middle coat. i. internal, m. 
middle, e. eileraal coat of vessel, x 50, reduced ^. 

feriatic. It is, in the earUer stage of the prooeaa, of a 
soft flabby coneiatence, and the lining membrane which 
ii continnous over it can be stripped off, leaving the 
diseased tisane beneath. It thus coutrasta strongly with 
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the superficial patches of fatty degeneration which result 
from the fatty metamorphosis of the endothelial and 
oonnectiye-tissae cells of the vessel. (See *' Fatty Dege- 
neration of Arteries.") 

The results of the inflammatory process will depend 
upon its severity. If the process be very intense, the 
young elements accumulate rapidly and in£ltrate the 
middle and external coats, so that the walls of the vessel 
become so much softened, that dilatation, aneurism, or 
rupture may ensile. Such acute changes are a common 
cause of aneurism. The inflammation, however, is usually 
of less intensity and runs a more chronic course, and it 
is only to these more chronic arterial changes that the 
term " atheroma" is commonly applied. 

When the process is less intense and more chronic in 
its course, it leads to various alterations in the wall of the 
vessel. The soft cellular infiltration of the deeper layers 
of the intima usually undergoes retrogressive changes, 
owing to deficient nutritive supply. These changes com- 
mence in the deeper portions of the new tissue. The 
young cells undergo fatty degeneration, the intercellular 
substance softens, and thus a soft, yellowish, pultaceons 
material may be produced beneath the lining membrane 
of the vessel. This has been termed an atheromatous 
abscess. The lining membrane may ultimately give way 
and the softened matters be carried away by the circu- 
lation, and thus is produced the atheromatous tdcer. 
In other cases the more liquid constituents of the de- 
generated tissue gradually become absorbed, cholesterin 
forms, and thus a mass, consisting of broken-down fibres 
and cells, fatty debris, and cholesterin crystals, with a 
varying quantity of the original fibrillated tissue, re- 
mains in the deeper layers of the inner coat. (Fig. 99.) 
This may subsequently calcify, and so form a calcareous 
plate. 

In the most chronic forms of the atheromatous process 
there is more or less fibrillation of the new tissue, and 
thus is produced n fibroid thickening of the inner coat of 
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tHe artery. The organisation, however, is rarely com- 
plete, more or less fatty debris being usually enclosed in 
tlie fibroid stroma. 

Respecting the causes of these chronic arterial inflam- 
mations included under the common term of atheroma — 
tlaey are probably mainly due to over-strain of the vessel, 
tbe strain exercising a chronic injurious influence. This 
view has been especially insisted upon by Dr. Moxon.* 
It is supported by the fact that those vessels which are 
tlie most exposed to strain are the most liable to this 
disease — e.g,, the arch of the aorta ; also by the exceeding 
frequency of atheroma in all those conditions in which 
tliere is an increase of the blood-pressure. The effect of 
increased blood-pressure as a cause of atheroma is seen 
in the liability of athletes to the disease ; and also in the 
frequency with whibh it occurs in chronic Bright*s disease, 
and in the pulmonary vessels in cases of mitral obstruc- 
tion, &c. The occurrence of atheroma is also favoured 
by syphilis. 

INFLAMMATION OF VEINS. 

Inflammatory processes in veins are more frequent 
than in arteries, but here they are in the very great 
majority of cases seconda/ry to coagulation of the blood 
within the vein (thrombosis), the coagulum exercising 
an injurious influence upon the coats of the vessel. 
These inflammations resulting from thrombosis have 
already been described, (See ** Eesults of Thrombosis.") 

The inner coat of the veins is, like that of the arteries, 
non-vascular, and hence acute inflammatory changes 
are, for the most part, confined to the external and 
middle coats. Independently of inflammations resulting 
from thrombosis, the lining membrane of veins appears 
to undergo no inflammatory changes. 



• *' Lectures on Pathological Anatomy." Wilks and Moxon, 
2nd edit., p. 160. 

Z 2 
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Acate and chronic inflammatory processes in veins are, 
as already stated, most frequently dne to thrombosis. 
They may also result from violent injury, or from the 
extension of inflammation from adjacent tissues. The 
process, when acute, closely resembles that in the arte- 
ries. The external and middle coats become infiltrated 
with cells, the vitality of the intima ultimately becomes 
impaired or lost, and when this has occurred the blood 
within the vein coagulates. 



CHAPTER XXXVIII. 

INFLAMMATION OF THE HEART. 

Inflammatory processes in the heart may afEect the 
substance of the organ, or the endocardium. They are 
much more frequent in the last-named situation. 

ENDOCABDITIS. 

Endocarditis is for the most part limited to the valves 
of the heart, although it is occasionally met with involving 
more or less of the cardiac cavities. The process is 
almost exclusively confined to the hfi side of the organ, 
and in the great majority of cases it commences in, and 
comparatively rarely extends beyond, the confines of the 
aortic and mitral valves and the corresponding orifices. 
Further — ^it is those portions of the valves which come 
into contact in the act of closure, and are thus most ex- 
posed to friction, which are especially involved, and in 
which the changes usually commence. Thus, in the aortic 
valves, it is the convex surfaces of the segments which 
are most liable to be affected, and not the free edge of the 
segment, but the little band of tissue which passes from 
its attached border to the corpus Arantii in the centre 
(Fig. 100) ; and in the mitral valve, the auricular surface 
of the segments at a little distance from the attachment 
of the chordaB tendineas (Fig. 101). When portions of the 
endocardium apart from the valves are affected, this is 
frequently due, as pointed out by Dr. Moxon, to the 
irritation caused by the friction of vegetations or fibrinoas 
clots situated on the valves themselves (Fig. 102). 
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those more chronic forms of arterial inflammation known 
as atheromatous. The endocardium and inner coat of 
B,n artery are very analogous in their structure, hoth 
l>eing non-vascular, and oonaisting of a layer of connec- 
tive tissue with an internal endothelial covering. The 
inflammatory process may he acute or chronic. 

Acute Endocarditis. — If the process be aoute, the 
deeper layers of the endocardium become rapidly infil- 
trated with young cells, and as these increase in number 
the intercellular snbstance becomes Bofliened and de- 
Btroyed, and thna is produced a soft tissue .composed 

Fig. 103. 




Acale EndiKarditia. — A gruniiUtion from the mitral 
valve, allowing a. fibrinous ooaf-ulum upon the aurface 
of the granulation, x 10 (lUndfleisch.) 

almost entirely of cells such as always results from 
inflammatory processes in connective tissue. The new 
tissue as it increases tilts up the superjacent endo- 
theliam and projects in the form of minate granulations 
and vegetations upon the surface of the softened valve. 
(See Figs- 100 and 101.) The endothelial elements pro- 
bably also participate in the active process. 

The above changes take place in an almost non-vas- 
culdr tissue, and although there is more or less increase of 
vascularity in the more external endocardial layers, nhera 
the capillaries are more numerous, there is rarely any 
redness or injection of the eudocardium seen after death, 
Neither is there usually any liquid eroded upon the 
surface of the granulations. What was formerly regarded 
as an exuded material, is in the main coagulum which haa 



344 INFLAMMATION OF THE HEART. 

been deposited from tbe blood upon the roughened sur- 
face of tbe valve. This deposition of coagulum frequently 
occurs in endocarditis, the roughened and abnormal endo- 
cardium acts as a foreign body and so causes a deposition 
upon its surface. This must not be confounded with the 
vegetations themselves. (Fig. 103.) 

The results of this cellular infiltration vary. If the 
process be veiy intense the new tissue may break down 
and thus a loss of substance result — an endocardial 
ulcer. This takes place without any accumulation of cells 
suffideut to form an abscess, the new tissue simply be- 
coming rapidly softened and disintegrating. In rare 
cases, however, small quantities of pus are found in the 
deeper endocardial layers. The ulcer is irregularly 
defined, and its edges are usually swelled and thickened. 
This ulceratiue endocarditis is, however, not frequent, the 
process usually being less acute. The ulceration naay lead 
to perforation of the valve, or to a considerable destruc- 
tion of its substance. Laceration or aneurism of the valve 
may also ensue from the pressure exercised by the blood 
against the damaged tissue. Sometimes the ulcerative 
process extends so as to involve the cardiac substance. 
Ulcerative endocarditis is a grave affection, often giving 
rise to embolism, and sometimes to a pysemic process. 

When the inflammatory process is less intense, as is 
much more commonly the case, the new tissue becomes 
incompletely organised into a fibrillated struciure, whilst 
it undergoes, in part, fatty and calcareous degeneration. 
These changes may result in the adhesion of the valves, 
either to one another or to the walls of the heart. They 
always produce permanent thickening, rigidity, and 
shrinking of their structure. The new tissue may con- 
tinue to grow after the severity of the process has sub- 
sided, and thus are produced the vegetations and papil- 
lary excrescences on the valves which are so commonly 
~iet with. (See Fig. 102.) These consist of a lowly 
nised tissue, which tends to undergo fatty and cal- 
s changes. 
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Chronic Ejtdocarditis — This may be the sequel of 
acute inflammation, or the process may, from its com- 
mencement, be chronic in its nature. In chronic endo- 
carditis the cellular infiltration is much loss rapid and 
a,bandant than in the acute form ; the intercellular sub- 
stance consequently becomes much less softened and 
destroyed, and the new tissue has a much greater ten- 
dency to become developed into a fibrillated structure. 
The result of these chronic processes is therefore to pro- 
duce a fibroid thickening of the endocardium, and so to 
cause considerable induration and contraction of the 
valves or valvular orifices. The new tissue sometimes 
forms papillary growths on the valves, which undergo 
partial fatty and calcareous changes. (8ee Fig. 102.) 

MYOCARDITIS. 

Myocarditis, or inflammation of the cardiac substance, 
is much less frequent than the preceding. Intense and 
concentrated inflammations leading to the formation of 
abscess probably occur only as the result of a pyaemic 
process. Less intense and more diffuse forms of cardiac 
inflammation are also not unfreqnently met with in asso- 
ciation with pericarditis, and, less commonly, with endo- 
carditis. Here the inflammatory process appears, by 
extension, to involve the immediately adjacent muscular 
layers of the organ, which are found infiltrated with 
small cells, the fibres themselves being softened and 
granular. 

In addition to the above, a form of myocarditis must 
be recognised in which the substance of the heart becomes 
more generally involved. In certain cases of acute rheu- 
matism the muscular tissue of the heart is found after 
death swollen, softened, opaque, and occasionally faintly 
mottled with slightly yellowish patches. When examined 
microscopically, the fibres are seen to have lost their 
striation and to be finely granular, their nuclei are large 
and prominent, and small cells are found in varying 
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nnmbers, infiltrating the mternniwmlar tissue (Fig. 104?. 
I have met with these Rppearancea in two or three caaec 




AcaU JftwMPdHi*.— From ■ 



iMSe of ftcnte rbennutlsm. 
_ __ . tricle made in the direction 

of the muBculnr flbrsB, showing the granular and awallen 
condilion of the flbrea, and the prominence of tlieir nuclei. 
b. A tnuieverse eection, ahowing the cellular iufitlntion of 
the intarmasculBj' tissue, x tW, 



of acnte rhenmatlBtn, and they mnnt, I tliink, he regarded 
as evidence of the existence of an acnte inflammatoi? 
proceaa. The change ia moet marked in the left ventricle, 
and it ia usual); aaaociated with endo- or peri-carditis. 
It is a grave complication of acute rheumatism, and po«- 
sihlj of some other diaeaaes, and is probably more freqnent 
than is generally aapposed. 

Fibroid Indubation op the Heart. — This, a com- 
paratively rare condition, iu probably, in most cases, a 
reault of myocarditis. The change is characterised by 
the development of a fibrillated tissue between the 
muscalar elements. The process commences in the 
interranacnlar septa around the blood -veaaels. This 
becomea infiltrated with small cells, which tend to become 
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developed into a. fibrillated atructnre. (Fig- 105.) The 
growth of new tiasne gradually eitenda between, the 
bimdleB of mnaciilar fibres, so that ultimately each fibre 




Fibroid Indaration of the Beart. — A tbin BBOtion from 
the wall of thB left Tentricla, sLowing the smail-callBd 
growth in the intermuscular septa around the blood- 
vesaels. a. a. Teesela. k 200. 

mftj be eniToanded by a tract of denae fibroid tisatie. 
(Fig. 106.) The mnscnlar fibres themaelves, owing to the 




Fibroid Induration of Ikt Bearl.~^ section from the left 
Teulricle of the aaae heart aa Fig. 106, showing a more 
sdranced stage. The fibraid tiaeue Burrouade the hi- 
dividual mnscalar fibres, which are nndergoiug fatty 
degeneration, i 'iVO. 
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resulting interference with their nutritive supply, atrophy, 
undergo fatty metamorphosis, and are gradually replaced 
by the fibroid growth. (Fig. 106.) Yery frequently the 
cellular nature of the growth, which I believe to charac- 
terise the earlier stages of its development, is not seen, 
the new issue being simply fibroid.* 

Fibroid induration of the heart appears in most cases 
to be induced by inflammatory processes commencing in 
the peri- or endo-cardium. When secondary to peri- 
carditis, the change is usually most advanced in the more 
external portions of the cardiac walls, and it commonly 
affects both the right and left ventricles. When, on the 
other hand, an endocarditis is the precursor of the indu- 
rative process, the change is more marked in the internal 
muscular layers, and inasmuch as inflammatory processes 
in the endocardium occur almost exclusively in the left 
cardiac cavities, the left ventricle is principally involved. 
In other cases the fibroid growth appears to be the result 
of syphilis. (See " Syphilis.") 

Although the growth of new tissue is thus usually 
more advanced in certain portions of the muscular walls 
than in others, it is by no means uniformly distributed. 
In some parts it may be very dense, the muscular fibres 
being entirely obliterated, whilst in others it is entirely 
wanting, and the muscular elements present a normal 
appearance. 

Fibroid induration of the heart — excluding that result- 
ing from syphilis — appears to occupy the same patholo- 
gical position as similar fibroid changes in other organs — 
e.g. J in the liver and kidneys. It must therefore be 
regarded as the result of a chronic inflammatory process 
— a chronic myocarditis. Its efiect must evidently be to 
interfere very materially with the motor power of the 



* Dr. Hilton Fa^fsey in a series of eleven cases of fibroid disease 
of the heart, found that cellular elements in the new growth were 
almost invariably absent. (See Trans, Path, Soc. Ixmd.^ vol. xxv 
p. 64.) 
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organ, and it consequently constitntes one of the most 
grave of all cardiac diseases. 

The cardiac waUs may become mnch thickened by the 
new growth, and the induration of texture is often very 
considerable. In the specimen from which the accom- 
panying drawings were made the walls of the lefb 
ventricle were so hard that they cut almost like a piece 
of tendon. 
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CBsaes. (See Fig. 38.) Owing to these chaoges the gland 
vbecomeB coiiBiderablj increased in size, soft and polpy in 
con silt t«nce, audita cortical aad mednllaiy parts are no 
longer diEtingaishable. 

Upon the removal of the injurions influence the process 
may gradually anhaide, the new elementa nndergo dis- 
int^gratian and absorption, and the gland returns to its 
normal condition (BeBolntion). In other cases the process 
goes on to snpparatiun, the trabecnlai are destroyed, 
many of the cells become disintegrated, and the locult of 
the gland become filled with pna. This is usually asso- 
ciated with inflammation and aoppnration of the sur- 
ronnding connective tissue. In the glands of a mncona 
memhraoe the process gives rise to what is known as a 
follicular abscess. 

CHEONIC ISFLiMMATlON OF LYMPHATIC STKDCTDKES. 

Chronic inflammationa of lymphatic structnres result 
from injuries which are less severe and more prolonged 
in their action than those which give rise to the acirfe 

FiO. 107. 




Chronic Infiamn.alim <^ a Lj/mpluitie Gland, — 
l~IioHiag (be increase in (Iw slromft, and Ihe 
diminaiion in the uiunber of tiie lympboid 

mIIr. » aou. 
form. The resulting cellular infiltration of the gland is 
coDuquently a more continuous one, and the gland be- 
comes more or less permanently increased in size. The 
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reticulum is also considerablv involved. These cJtuomc 
inflammatory processes differ from the acute, inasmuch' 
as they lead to a gradually increasing development of the 
reticular structure of the gland. The reticulated network 
becomes thicker and more fibrous, its meshes become 
smaller and smaller, the lymph-cells diminish in number, 
and thus the gland becomes hard and fibroas in con- 
sistence. (Fig. 107.) 

Scrofulous Glands. — In those chronic inflammations of 
the lymphatic glands which occur in scrofulous subjects, 
and in which the glands tend to become caseous, the 
changes resemble those which have been already described 
as characteristic of scrofulous inflammation. (See " Scro- 
fulous Inflammation.") The cellular infiltration is con- 
siderable, there is but little tendency to absorption, and 
many of the cells increase in size, and even form multi- 
nucleated elements. The gland thus becomes enlarged, 
soft, and elastic in consistence, and of a uniform greyish- 
white colour. Owing to the obstruction to the circulation 
caused by the pressure of the cellular infiltration, the 
gland undergoes retrogressive changes and becomes 
caseous. The caseous material may subsequently liquefy, 
or become infiltrated with calcareous particles. Many 
caseous lymphatic glands are tuberculous (see "Tuber- 
culosis of Lymphatic Glands"). 

INFLAMMATION OP LYMPHATIC STKTJCTUKES IN 
TYPHOID FEVER. 

The inflammatory processes which occur in the lym- 
phatic structures in Typhoid Fever have their seat in the 
spleen, in the lymphatic structures of the intestine, and 
in the mesenteric glands. 

The Spleen. — In the spleen the change resembles that 
which occurs in many of the other acute febrile diseases, 
although it reaches its maximum in typhoid. The splenic 
tissue becomes exceedingly vascular and the lymphatic 
elements increase rapidly in number, so that the oi^an 
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often attaios two or three times ita Dataral size. Many 
of the new elenienta enter the blood, thus cansing a slight 
temporary increase in the nnmber o( white blood-cor- 
pascles. AsthefeverBnbBides.thehyperfemia dimiaishes, 
many of the new elements unde^o disintegration and ab- 
sorption, the remainder enter the blood, and thns the organ 
again attains its normal characters and dimensioas. 

The Intestinal Lymphatic 8t>"uctures. — It is in the 
solitary and Peyer's glands that the most characteristio 
changes take place in typhoid fever. These structares 
may be involved throughout the whole of the small and 
large intestine, hat in most cases the process is limited to 
those in the ileum and ciecum ; and those glands are 
always the moat affected which are situated the nearest 
to the ileo-Cffical valve. 

The primary change here consists in a hyperemia and 
cellnlar infiltration of the glands. Many of the cells 
increase considerably in size, so ag to form the multi- 
nucleated elements already alluded to. Both Peyer's 
patches and the solitary glands thus become considerably 
enlarged and prominent, standing up above the surface 




of the intestine. (Fig. 108.) They are of a greyish-white 
or pale reddiah colour, and of a soft, bram-like consistence. 
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The Bnrronncling mucous membrane is also eiceedinglj 
vascular, and is the seat of an acnte catarrhal process. 
This catarrh is more orlesa general, and nsnallj precedeB 
the swelling of the glands. The cellnlar infiltration, in 
manj parts, rapidly eitende beyond the confines of tie 
ff:landB into the immediately surrounding and subjacent 
tisBues, and even in some cased into the mascnlaf coat. 

The process now passes into the second stage — that of 
the death and disintegration of the newly formed tissae. 
This may terminate in various ways. The enlarged 
glands, many of them, subside, the new elements become 
disintegrated and are absorbed, and the gland thas nn- 
dergoes a gradual process of Teeolution. In others, the 
individual follicles of the gland mpture, discharppng their 
contents externally, and the patches then acqnire a peco- 
liar reticulated appearance. The most characteristiG 
termination, however, of the typhoid process, is the sepa- 
ration of the dead tissne as a slough, and the formation 
of the typhoid ulcer. 

The process of sloughing and ulceration may, like the 

cellular infiltration, talie place uniformly thronghoat the 

whole gland, in which case the 

^"'- ^™- whole mass is thrown off. leav- 

Iing an aloerated surface cor- 
responding in size with that 
of the gland. (Fig. 109.) More 
commonly, however, in the 
patches, the slonghing com- 
ices in different portions of 
] the patch, and small irr^rular 
losscsofsu bstance res alt, which 
^^"""m^T.'^*'" »^y gradually extend nntU 
they form one large nicer. 
Althongh, as already stated, the cellular infiltration 
may extend beyond the confines of the glands, this is 
rarely the case with the ulceration. The peripheral infil- 
tration undergoes resolution, and hence the ulcers have 
the same configuration as the original glands ; those origi. 
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nating from the patches being oval, with their long dia- 
meter in the direction of the gut ; and those originating 
in the solitary glands being spherical in shape. In rare 
cases, when there is much infiltration of the surrounding 
mucous membrane, the ulceration may extend slightly 
beyond the confines of the glands. 

With the sloughing and disintegration of the new tissue 
tbe process of infiltration ceases, and hence there is no 
induration or thickening of the base or edges of the 
ulcer. The base is smooth, and is usually formed of tbe 
submucous or muscular coat of the intestine. The edges 
are thin and undermined, and consist of a well-defined 
fringe of congested mucous membrane. (Fig 110.) This 

Fig. 110. 




A lyphoid Ulcer of the Intestine {diagrammatic). — Show- 
iDg the undermined edges of the nicer, and the slough still 
adherent, a. Epithelial lining, b. Submucous tissue. 
c. Muscular coat. d. Peritoneum. 

is best seen when the gut is floated in water. In some 
cases, however, the sloughing extends deeper through the 
muscular layer to the sub-peritoneal tissue, and it may 
thus cause perforation and peritonitis. 

The third stage of the process is that of cicatrisation. 
This takes place by the resolution of the peripheral infil- 
tration, the approximation and union of tbe undermined 
edges with the fioor of the ulcer, and the gradual forma- 
tion from the margin of an epithelial covering. The 
gland-structure is not regenerated. The resulting cica- 
trix is slightly depressed, and less vascular than the 
surrounding mucous membrane. There is no puckering 
or diminution in the calibre of the gut. In some cases, 
however, cicatrisation does not take place so readily, and 
the floor of the ulcer becomes the seat of a secondary 
ulceration. This usually takes place after the general 
disease has run its course, or during a relapse. Profuse 

▲ a2 
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hsBmorrliage and perforation more commonlj result from 
the secondary ulceration than from the primary sloughing 
of the glands. 

The Mesenteric Glands, — The change in the mesenteric 
glands is prohably secondary to that in the intestine- 
These glands become the seat of an acnte ceUnlar infil- 
tration, and are enlarged, soft, and vascular. They 
usually, like many of the glands in the intestine and the 
spleen, undergo a gradual process of resolution. In rare 
cases, however, the capsule of the gland is destroyed, 
and the softened matters may escape into the peritoneal 
cavity and so cause peritonitis. The enlarged glands 
may also become caseous, and subsequently calcify. 



CHAPTER XL. 

INFLAMMATION OF MUCOUS MEMBRANES. 

In mucous membranes inflammatory processes are divided 
into cata/rrhdl, a,nd fihrinovs, croupous, or diphtheritic in- 
flammation. 

Catarrhal Inflammation. — Catarrhal inflammation, 
or as it is more commonly called catarrh, is much the 
more frequent. In its milder forms this is characterised 
mainly by an increased secretion of mucus. The initial 
hyperaemia of the membrane is followed by an abnormal 
production of epithelial and mucous elements. The liquid 
which tran8u<le8 from the blood-vessels is more abundant, 
the small spherical cells which constitute the mucus - 
corpuscles are produced with increased rapidity, and the 
result is an increased secretion of mucus, rich in cellular 
elements. These young cells are most of them emigrant 
blood-corpuscles, others are probably the products of 
epithelial proliferation. As the process continues, some of 
the epithelial elements become loosened and are discharged 
with the mucus, and within these groups of bodies may 
occasionally be seen, which are evidently young mucus- 
corpuscles. (Fig. 111.) How far these are white blood- 
corpuscles which have penetrated the epithelial cells is at 
present uncertain. The secretion of the mucous glands 
is also increased. Owing to these changes, the mucous 
membrane becomes swelled and abnormally vascular. 
The increased vascularity is evidenced by redness during 
life, but after death the blood usually passes out 
of the vessels, and the membrane may look paler than 
natural. 
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These glands become the seat of an acnte cellnlar infil- 
tration, and are enlarged, soft, and vascular. They 
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and the softened matters may escape into the peritoneal 
cavity and so cause peritonitis. The enlarged glands 
may also become caseous, and subsequently calcify. 



CHAPTER XL. 

INFLAMMATION OF MUCOUS MEMBRANES. 

In mucous membranes inflammatory processes are divided 
into catarrhal, ^^nA fibrinous, croupous, or diphtheritic in- 
flammation. 

Catarrhal Inflammation. — Catarrhal inflammation, 
or as it is more commonly called catarrh, is much the 
more frequent. In its milder forms this is characterised 
mainly by an increased secretion of mucus. The initial 
hyperaemia of the membrane is followed by an abnormal 
production of epithelial and mucous elements. The liquid 
which transudes from the blood-vessels is more abundant, 
the small spherical cells which constitute the mucus- 
corpuscles are produced with increased rapidity, and the 
result is an increased secretion of mucus, rich in cellular 
elements. These young cells are most of them emigrant 
blood-corpuscles, others are probably the products of 
epithelial proliferation. As the process continues, some of 
the epithelial elements become loosened and are discharged 
with the mucus, and within these groups of bodies may 
occasionally be seen, which are evidently young mucus- 
corpuscles. (Fig. 111.) How far these are white blood- 
corpuscles which have penetrated the epithelial cells is at 
present uncertain. The secretion of the mucous glands 
is also increased. Owing to these changes, the mucous 
membrane becomes swelled and abnormally vascular. 
The increased vascularity is evidenced by redness during 
life, but after death the blood usually passes out 
of the vessels, and the membrane may look paler than 
natural. 
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FiBRcrous, Ciiorpors, ob Diphtheritic Isylaxmatiois. — 
These temiB are applied to those inflammations of nmooiis 
membranes which lead to the prodnction of a so-called 
false membrane — snch as is seen, for example, in croap. 
The formation of this fibrinons layer npon the surface of 
the membrane is qnite characteristic, and at once dis- 
tingnishes this form of inflammation from a simple 
catarrhal process. 

The membrane itself, which may exist in little patches 
or cover a large area of the mncons snrface, is usually of 
a yellowish or greyish-white colour, and in consistence 
Taries from a firm and tough to a soft pultaceous material. 
It is more or less easily separable from the subjacent 
tissue, which in aU cases after its removal is found to have 
lost its epithelium. In thickness it may vary conside- 
rably in different parts. Examined microscopically, it is 
seen to consist mainly of leucocytes, granular matter, and 
some altered epithelial elements enclosed in the meshes of 
a delicate network of finely fibrillated material resembling 
coagulated fibrin. The fibrinous network is most marked 
in the deeper layers of the membrane, whereas the super- 
ficial part consists principally of leucocytes, altered 
epithelium often fused together into irregular masses, 
and adventitious products. The epithelium of the mucous 
membrane beneath this fibrinous layer is, as already 
stated, invariably more or less completely wanting ; so 
that the fibrinous layer extends down to the basement 
membrane. In some cases the fibrinous layer does not 
extend deeper than this membrane, in which case it 
can be readily detached; whereas in others it involves 
the deeper structures, and then is much less easily 
removed, and when separated leaves an irregular sur- 
face owing to the destruction of the inner layers of 
the mncons membrane. In the former case the process 
is usually spoken of as croupous, in the latter as diph- 
theritic. These differences, however, in the depth to 

'ch the mucous membrane is involved, are probably 
' o differences in the intensity of the process, and 
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also to differences in the structure of the membrane. 
In those situations where a distinct basement membrane 
exists, as in the pharynx and respiratory organs, the pro- 
cess is more likely to be superficial than in those where 
this is not the case, as in the intestines and conjunctiva. 
(Cohnheim.) If the inflammatory process continues, the 
membrane after its removal is reproduced, but if it sub- 
side, the epithelium is quickly regenerated, and the deeper 
structures when destroyed are also gradually reproduced. 
With regard to the nature of the false membrane — it 
is mainly due to the coagulation of the inflammatory exu- 
dation liquids, the coagulum enclosing the escaped blood- 
corpuscles and the altered epithelium of the mucous sur- 
face. This coagulation was formerly supposed to result from 
the large proportion of albumen which the inflatamatory 
exudation contained, the inflammatory process being of 
greater intensity that that which gives rise to a simple 
catarrhal process. Although the coagulation of the in- 
flammatory liquids may thus be partly due to the 
intensity of the process, the investigations of Weigert 
render it probable that it is mainly owing to the death of 
the epithelium. According to this observer, living epithe- 
lium, like endothelium, prevents the coagulation of the 
liquor sanguinis, but dead epithelium will cause coagu- 
lation of liquor sanguinis in contact with it. The death of 
the epithelium is usually due to the same injury as that 
which causes the inflammatory process, but without this 
necrotic change in the deeper as well as in the superficial 
epithelial elements, it is probable that an inflammatory 
process will not be followed by the formation of a so- 
called false membrane. 

The causes of croupous or diphtheritic inflammation 
are simple mechanical or chemical agencies and injuries 
of an infective character. Simple mechanical or chemical 
injuries will produce a typical croupous membrane. This 
may be done experimentally in dogs, for example, by the 
application of strong acids, alkalies, or alcohol to the 
trachea. In cases of poisoning by the mineral acids. 
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and in the accident so common in cliildren of attempting 
to drink ont of a vessel containing boiling water, a fake 
membrane is often produced on the injured mncoos sur- 
face. In the intestinal and other mncous membranes also 
a croupous inflammation is sometimes met with as the 
result of mechanical injury, as for example, in the 
vermiform appendix from the irritation of a concretion. 

More common, however, than these mechanical and 
chemical causes are injuries of an infective nature, and it 
is to infective agencies that croupous inflammations are 
most frequently due. As examples of such are some 
forms of severe conjunctivitis, the intestinal inflammation 
in epidemic dysentery, and, above all, the changes in the 
pharyngeal and laryngeal mucous membranes in the 
diseases known as croup and diphtheria. These infective 
croupous processes are almost invariably contagious, the 
inflammatory products being capable of inducing similar 
processes when applied to other mucous surfaces. 
Micrococci appear to be usually present in the false 
membrane in these infective cases. They are usually 
found as colonies of globular organisms in the upper 
layers of the membrane. AiVhether they are essential or 
merely accidental is at present uncertain. 

Although there are these important differences in the 
etiology and nature of croupous inflammations, they are 
not accompanied by any corre8ix)nding variations in the 
histology of the process ; the slight diflerences met with 
in the characters of the false membrane and in the ex- 
tent of implication of the mncous surface being probably 
usually due to differences in the intensity of the process 
and in the structure of the mucous membrane involved. 

DYSENTERY. 

The inflammatory processes occurring in the intestine 
in dysentery are for the most part limited to the large 
intestine, although the ileum is also occasionally involved. 
The inflammation is always most marked in the rectom 
and descending colon, and it may be stated generally. 
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"tliat it is characterised by the ulceration and sloughing 
of the membrane to which it gives rise. 

The intestinal changes vary considerably, according to 
tlie intensity of the inflammatory process. In the milder 
forms of the disease the changes are most marked on the 
summits of the folds of the mucous membrane. These 
are found covered with a greyish-white layer of fibrinous- 
looking material, which, when scraped off, leaves a 
superficial loss of substance. The mucous membrane 
generally is hyperaemic and softened. The submucous 
tissue is also infiltrated with inflammatory products, and 
the solitary glands are enlarged and prominent. 

When the process is more severe, the submucous tissue 
becomes more extensively involved, and the superficial 
layer of fibrinous material extends over wider areas and 
implicates more deeply the mucous membrane. The 
thickening of the intestinal wall, however, is much greater 
in some parts than in others, so that projections are pro- 
duced upon the inner surface of the intestine, corre- 
sponding with those parts which are the most afEected. 
The enlarged solitary glands usually slough, and so give 
rise to circular ulcers, which rapidly increase. When the 
process has reached this stage, the muscular and serous 
coats are implicated, the latter being covered with layers 
of fibrin which form adhesions with adjacent parts. The 
intestine is much dilated, and contains blood and disin- 
tegrating inflammatory products. 

In the most intense forms of the disease, the necrosis is 
more extensive. According to Eokitansky, large portions 
of the mucous membrane are converted into black rotten 
sloughs. The submucous tissue is infiltrated with dark 
blood and serum, but subsequently it becomes the seat of 
a reactive suppurative inflammation, by means of which 
the necrosed poi*tions of tissue are removed. 

If death does not occur and the inflammatory process 
subsides, the ulcers may gradually heal. When the loss 
of substance has not been considerable, the edges of the 
ulcers may, by the contraction of the submucous tissue, 
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become completely approximated. More commonly, 
however, the loss of substance is so great, that portions 
of the membrane are left, consisting simply of connectiye 
tissue. 

When the inflammatory process becomes chronic, the 
changes in the submucous connective tissue become more 
marked, and the new fibroid growth gives rise to con- 
siderable thickening and induration of the intestinal wall, 
and to more or less contraction and narrowing of the 
cavity. Sometimes it forms fibrous bands which project 
into the gut. The formation of abscesses and fistulous 
passages occasionally occurs in the thickened intestinal 
wall. 



CHAPTER XLL 

INFLAMMATION OF SEROUS MEMBRANES. 

Inpla-MMatory processes in serous membranes vary in 
their intensity, and in the amount and character of the 
effusion. 

The process commences, as in mucous membranes, 
with hyperaamia, exudation of Hquor sanguinis and emi- 
gration of blood-corpuscles, together with increased 
activity of the endothelial elements. The endothelial 

Fig. 112. 




Inflamed Epiploon of a Babbit. — Showing the 
endogenous proliferation of the endothelium. 
X 250. (Comil and Ranvier.) 

cells enlarge and become more granular, their nuclei 
divide, and new elements are formed by endogenous 
multiplication. (Fig. 112.) The number of new cells 
which are thus produced, together with some of the 
older cells, and a large number of emigrant blood-cor* 
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pnscles, escape with the eiuded liquor sasgninia into 
the Beroua caTity, where they may probably contiaae to 
exhibit their formative activity. 

Offing t« these changes the membrane loses ite uatTirat 
smooth and glistening appearance, and becomes opaqae, 
rooghened, and exceedingly vascular. Its surface at the 
same time becomes covered with a 6hrinons layer, and 
more or less liquid transudes into its cavity. The 
coagnlable material which exudes from the vessels forms 
a soft, elastic, membraaoas, or Teticalated investment, 
Fto. 113, 




Infiammation f/f Ihe JXap^ragmatlc Fleam. — Show- 
ing the adhereiit fibrinous layer, a. Moscnlar coat of 
diaphrsigio. b. Sub-seronH tisBne. e. Seroua mem- 
broDe. e. Fibrmous layer, x 400. (Rmdflctach.) 

enclosing in its mrahes nnmerous small cells. Thig 
either glues the two surfaces of the membrane together, 
or, if they are separikted by liquid effusion, forms a 
slightly adherent layer. (Fig. 113.) The eiuded liquid 
varies considerably in amount and is always turbid, 
thus differing from son -inflammatory effusions. It con- 
tains flakes and masses of coagulated fibrin and inna- 
merable cell-structures, the latter being in the earliest 
stages of the process almost entirely emigrants. 

The nature of the subsequent changes will depend upon 
the int«naity of the inflammation, and upon the amount 



INFLAMMATION OF SEROUS MEMBRANES. 367 

of liquid exuded into tbe serous cavity. If the inflam- 
matory process subsides, and the liquid exuded is not 
sufficient to prevent the two surfaces of the membrane 
from coming into contact, they grow together and form 
an adhesion. This constitutes the so-called adhesive 
imflawmiation. The union is effected by the formation of 
connective tissue. The small round cells embedded in the 
fibrinous layer become elongated and spindle-shaped, 
niunerous new blood-vessels are formed, and the fibrinous 
material flbrillates. Many of the vessels atrophy and 
disappear as the organisation becomes complete. The 
process is thus precisely similar to that which takes place 
in the union of an incised wound. It is probablo also 
tliat in some cases union may take place without the 
intervention of any fibrinous layer, by the formation and 
growing together of irregular papillary outgrowths from 
the sub-endothelial tissue. 

If, however, the inflammatory process is severe, or the 
surfaces of the membrane are separated by a large quan- 
tity of liquid effusion, organisation and adhesion cannot 
be thus readily effected. If a large quantity of liquid 
exists in the serous cavity, the removal of this becomes 
necessary before union can take place. If the inflamma-> 
tory process continues, or its intensity is great, union is 
prevented by the formation of pus. These two conditions 
must be considered separately. 

The existence of a large amount of effusion prevents 
the adhesion of the serous surfaces, and before this can be 
effected the absorption of the liquid becomes necessary. 
The presence of the liquid itself, however, interferes with 
its absorption. This is owing, as already stated when 
speaking of the ** Terminations of Inflammation,* ' to the 
pressure which it exercises upon the blood-vessels and 
lymphatics, which pressure, by hindering the circulation 
in these vessels, tends not only to prevent absorption, 
but also to interfere with the restoration of the vascular 
walls to a normal state, and so to favour a continuance 
of the exudation. The removal of some of the liquid by 
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artificial means consequently facilitates the absorption of 
the remainder. When the process is protracted, the sab- 
endothelial connective tissne becomes involved and infil- 
trated with small cells, and a richly vascular grannlation- 
tissue is formed beneath the layer of proliferating endothe- 
linm. The endothelinm itself becomes less abundant, and, 
if the inflammation subsides, the new granulation-tissue 
gradually develops into connective tissue, and thus a false 
membraue is formed, rich in vessels, which takes the 
place of the endothelial layer. As the liquid is absorbed, 
the two surfaces of the membrane come into contact 
and grow together, the new vessels become gradually 
obliterated. 

If the inflammatory process does not subside, or from 
its commencement is of considerable intensity, it may be 
attended by the formation of large quantities of pus. In 
this case the emigration of blood-corpuscles is so con- 
siderable that the young elements exist in large enough 
numbers to give to the exuded liquids a purulent cha- 
racter. The condition is then termed empyema. As the 
connective tissue becomes involved and a granulation- 
tissue is formed, this may continue to generate pus like 
an ordinary granulating wound. If the pas be removed, 
the suppuration may gradually cease, the granulation- 
tissue develop into a fibrous structure, and the union 
of the serous surfaces thus be effected. The serous 
membrane becomes greatly thickened, and the new tissue 
undergoes considerable contraction in the process of its 
organisation. 



CHAPTER XLII. 

INFLAMMATION OF THE LIVER. 

Xnfi^ammatobt processes in the liver are either acnte or 
cliTonic. Acute inflammations, leading to suppuration, 
are usually infective in their nature, resulting from the 
transmission of infective mateiials from lesions in the 
abdominal organs or in other parts. The processes are 
consequently most frequently disseminated and confined 
to small portions of the hepatic substance. The pus- 
corpuscles — which usually accumulate so as to form an 
abscess —are almost entirely emigrants, although recent 
investigations render it highly probable that they may 
originate by the endogenous proliferation of the liver- 
cells. 

These suppurative inflammations are in the majority 
of cases pyaemic, and when pyaemic they are usually 
multiple. Hepatic abscess is also common in tropical 
climates, and here the abscess is commonly single. These 
tropical abscesses are sometimes associated with dysen- 
tery, and they may then probably result from the absorp- 
tion of infective substances from the diseased intestine ; 
but in other cases the abscess appears to be due to a 
primary inflammation of the hepatic tissue. As other 
causes of hepatic suppuration must be mentioned inflam- 
mation of the bile-ducts, such as sometimes results from 
gall-stones, &c. ; and external violence. 

Chronic inflammatory processes in the liver, being of 
much less intensity, lead to a gradual increase in the 
connective tissue of the organ, and consequently to indu- 

B B 
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ration uid to the snbaequeot atrophy of its proper atrnc- 
tnre. They conatitnte nhat is knoira as intergtiiiai 
h^patilit, or more 0011111101117 as eirrhoais. 



Cirrhosis of the liver, or interstitial hepatitis, is charac- 
terised by a gradual increase in the connective tisane of 
the organ and by the eabseqnent atrophy of the liver- 
oells, so that when examined with a low magni^ng 
power, the acini are seen to ba separated by broad tracts 
of new interstitial growth. (Fig. 114.) 



^ 



CittSobj vf Ok Lwei Showing the growth ot oon- 

HKfire tisaao between the hepatii^ lubutes a. Lobules- 
b. I^ev growth a[iDterlabularcDiuiectiTetiGane x 16. 

The process nsnally commences in the connective tisane 
anrroanding the smaller branches of the portal vein, and 
gradually extends to that surrounding the larger ones, 
until ultimately the interlobular connective tissue throngh- 
ont the whole organ may become involved. This tissue 
becomes infiltrated with small round cells, from which 
are produced a more or less completely fibrillated struc- 
ire, containing in the earlier stages of. its development 
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lew blood- vesaels, which are supplied bj 
branches of the hepatic artery. The change is somc- 
timee Tiiiiform bat more oommonly it is much more 
aidranced in some parts than in otliers In many places 
the cellular mfiltrat on may be couaiderable whilst n 
others the fibnllat on is much more marked and if the 
process lasts long enongh the vascular and nchly celLa 
lar growth may gradnally assume the characters of cica 
tnoial tissue the vessels at the same time becoming 
obliterated (See F g 97 ) In many cases this con 
nectiTe tissne growth is not limited to the nterlobular 
tisaae bat extends mwards so as to mvolve the nter 
oeUular network of the organ which beoomes much 
thickened and infiltrated with small cells (Fig 116 ) 
FiQ 115 
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ClTThosia h L — \ th s q rom the ei 

lem^ port of o B of he h pa lobules — Showiog 
tbt ue T growth of coaaq t wi asuo aai) ths way a 
wh ch t nrolrea the nten-ellular network aud causes 
utroph; of the 1 let celts x 21)0 

The effect of the new growth is nltimately to cause 
atrophy of the hepatic cells and to obsiruct the circnla 
tion throogh the portal cap 11 anes and the passage of 
bde through the bile ducts This effect is materially in 
CToaaed by the process of contraction which the new 
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tisane undergoes. The hepatic oellB in the outer Ecme of 
the lobnles are the first to atroph j. The oeSla become 
smaller, often nndergo fatty metamorphosis, and ulti- 
mately are completely destroyed. (Fig. 115.) Those in 
the central parts of the lobnle are in the earlier stages 
bnt little altered, although they are often stained with 
bile. As the growth extends, however, these also beocnne 
annihilated, and the whole lobnle may be replaced bj con- 
nectiTe tissne. The cells in the onter part of the lobules 
are sometimes infiltrated with fat prior to their destruc- 
tion, the cirrhosis being associated with fi^tty infiltration. 
(See Fig. 8.) 

In addition to the changes described, there is another 
condition often met with in cirrhosis — riz., a derelopment 
of nnmeroTis biliary canaliculi in the portal canals. This 
is invariably present in that form of the disease which 
results from long-continued obstruction of the bOe-dncts 
(Biliary Cirrhosis) ; but it appears not to be character- 
istic of this, being also sometimes met with in alcoholie 
cirrhosis, and in the cirrhosis of phthisis.* 

The physical characters of the cirrhosed liver vary. In 
the earlier stages of the disease the organ is probably 
always more or less increased in size ; the enlargement 
being almost uniform, and the edge rounded and thickened. 
Later, atrophy and contraction take place, the liver 
diminishes and presents an irregular nodular surface. In 
other cases, however, the enlargement of the organ is con- 
siderable, there is but little subsequent atrophy, and the 
surface remains comparatively smooth up to the time of 
death (Hypertrophic Cirrhosis). 

Respecting the causes of these differences in the size of 
the liver, we are at present unable to speak certainly. In 
that form of cirrhosis which results from biliary obstruc- 
tion, and which is characterised clinically by persistent 
jaundice and the absence of ascites, there is, as already 



• See Paper on ** Hj^ertrophic Cirrhosis of Liver,** hy Dr. 
Saundby: Trans. Path. Soc. Lotid., 1879, vol. xxx., p. 801. 
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stated, a considerable development of biliary canalicnli in 
the portal canals, and it is in this variety also that.there is 
usually a marked infiltration of the intercellular tissue. 
These livers are commonly greatly enlarged and do not 
undergo subsequent contraction. The differences in the size 
of the liver in alcoholic cirrhosis probably depend in great 
measure upon differences in the age of the new growth, 
and. in its distribution. In the large livers the growth is 
usually richly cellular and very generally distributed, 
often involving the intercellular tissue; whilst in the 
smaller atrophic forms of cirrhosis it is commonly more 
fibrous and less cellular in character, and its distribution 
is more partiaL It is probable that in the larger livers 
the growth is in an earlier stage of development, and 
that if the patient had lived, the organ would have dimi- 
nished in size. When the growth is irregularly distri- 
buted, it necessarily causes more irregularity in the con- 
figuration of the liver than when the distribution is more 
nniform. In some cases the large size of the organ is 
due to the cirrhosis being associated with fatty infiltra- 
tion. (See Fig. &) 

The cirrhosed liver is always increased in consistence. 
It breaks down less readily under the finger, and is often 
exceedingly firm and tough. On section, the new tissue 
is visible to the naked eye surrounding the lobules and 
in many parts completely replacing them. This gives to 
the cut-surface a mottled granular appearance, the 
lobules themselves contrasting with the new interlobular 
tissue ; and this appearance is sometimes increased by 
fatty infiltration of the cells in the peripheral zone. The 
capsule also may be thickened, and the organ is fre- 
quently stained with bile. 

The obliteration of the portal capillaries by the new 
tissue gives rise to ascites, hasmatemesis, diarrhoea, en- 
largement of the spleen, and to the other results of portal 
congestion. Obstruction of the bile- ducts, although it 
may cause staining of the hepatic substance, is rarely 
such as to interfere with the passage of the bile into the 
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intestine, and hence there is nsnaJly bnt little general 
janndice. In biliary cirrhosis jaundice resnlts &om the 
biliary obetmction which is the canse of the disease. 
The destruction of the liver-cells, by interfering with the 
glycogenic function of the organ, leads to marked inter- 
ference with general nutrition. 

ACUTE YELLOW ATEOPHT. 

This exceedingly rare disease of the liver is charac- 
terised by a rapid diminution in its size, and by destruc- 
tion of the hepatic cells. The organ may, in the course 
of a few days, be reduced to less than half its natural 
bulk, being especially diminished in thickness. It is soft 
and flabby in consistence, bloodless, and of a dull yellow 
or yellowish-red colour. The lobules are indistinguish- 
able. When examined microscopically, the liver-cells are 
found to be completely destroyed, being replaced by 
granular debris, fat granules, and pigment. Tyrosin 
and leucin have been found in the disintegrated liver- 
tissue. 

The pathology of this disease is exceedingly obscure. 
By some it has been regarded as an acute inflammatory 
process, by others as a passive degeneration. 



CHAPTER XLIII. 

INFLAMMATION OF THE KIDNEY. 

iNri^MMATORY proccsses in the kidney present certain 
variations according to their intensity. They comprise 
suppurative, tubal, and interstitial nephritis. Of these, 
suppurative nephritis, as the name implies, is an intense 
inflammation leading to the formation of abscess. This 
usually results from the transmission of infective ma- 
terials from some primary lesion (pyaemic), or it is asso- 
ciated with some inflammatory condition of the lower 
urinary passages. Tubal nephritis is also an inflamma- 
tion of considerable intensitv, and in it the structural 
changes have their principal seat in the tubular epithe- 
liom. Interstitial nephritis is an inflammatory process 
which runs a more chronic course, and is of less intensity 
tban either of the preceding. Consequently in it the 
principal structural changes take place in the connective 
tissue around the blood-vessels — in the intertubular con- 
nective tissue. (See " Chronic Inflammations.") It 
must, however, be distinctly borne in mind that these 
two varieties of histological changes — ^those in the tubular 
epithelium and those in the intertubular connective tissue 
— are very constantly associated. Tubal and interstitial 
nephritis cannot therefore be separated from one another 
by any distinct line of demarcation. They might, per- 
haps, be more correctly designated acute and chronic 
nephritis. 

SUPPUEATIVB NEPHRITIS. 

Acute inflammatory processes in the kidney attended 
by the formation of pus, give rise to renal abscesses. Such 
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processes, as already stated, are often infective in then- 
nature, resulting from the transmission of infective ma- 
terials from some primary lesion, as in pyeemia ; and they 
also occur in connexion with inflammatory conditions of 
the urinary passages. In the latter they constitnte what 
is commonly known as the " Surgical Kidney." 

The abscesses met with in the kidney as the result of 
pysBmia are principally confined to the cortex, and they 
resemble pysBmic abscesses in other organs. They are 
usually multiple, and are often surrounded by a thin zone 
of red hyperaemic tissue. Their characters have been 
already described in the chapter on embolism. (See 
" Results of Embolism.") 

SuBGiCAL Kidney. — ^This is the name commonly given 
to those inflammatory conditions of the kidney which 
result from increased urinary pressure aid inflammation 
of the lower urinary passages. These renal inflamma- 
tions frequently occur in association with renal and 
vesical calculus, obstructed ureter, urethral stricture, 
enlargement of the prostate, &c. These, and other 
similar conditions, not only tend to impede the flow of 
urine and so to cause increased urinary pressure above 
the obstruction, but also, in most cases, to set up more or 
less inflammation of the lower urinary passages. 

The changes which occur in the kidney vary. Simple 
long-continued increase of urinary pressure resulting 
from some obstruction to the flow of urine gives rise to 
chronic renal changes, which are characterised mainly 
by more or less cellular infiltration of the intertubular 
connective tissue. (" Interstitial Nephritis.") This cel- 
lular infiltration, which is exceedingly irregular in its 
distribution, occurs both in the pyramids and cortex. 
The tubules are in some parts found blocked with 
epithelium, whilst in others they are wasted or obliterated. 
The walls of the small arteries are not thickened. Owin^ 
to these changes, the kidneys are somewhat enlarged, the 
capsule is slightly adherent, the cut-surface paler than 
natural, and the consistence of the organs abnormafly 
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toagli. As the process proceeds the pyramidal portiouB 
Kradnally become absorbed, the absorption commencing at 
the papillfe and ertending until ultimately not only the 
pjramids bnt aUo the thiolened cortei may disappear, 
and the kidney be converted into a large cyst. If. on the 
other hand, the nrinarj obstmction be removed, the pro- 
oesses of inflammation and absorption may cease, and the 
indnrated kidney will then become contracted. 




Surgkai JBdnfy. — At tfae lower p&rt of the Rgure is seen the 
cellular infiltrstion of the iulertnbular tiseae, and the hlockiDK 
of the tubes with epithelium and leucocytes. At the upi>er 
part, there ie the oominencing formation of on abaoess. x lUO. 

In other casea, and especially when the nrinary 
bbutmction is associated with inflammation of the lower 
nrinaiy passages, the process is much more acnte, the 
cellolar infiltration of the intertnbular tissue is much 
more abundant, and the young cells (emigrants) accu- 
mulate in certain situations in such numbers as to give 
rise to abscesses. (Fig. 116.) The blocking of the tubes 
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with epitheliam is then more marked, and many of 
them are found filled with the emigrant lencocytes. 
The kidneys in snch cases are nsnally not only enLu^ged 
end pale, bnt soft, although their consistence will 
depend npon the existence or not of the more chronic in- 
terstitial changes, and yellowish-white patches of Tarions 
sizes are seen on their cat-snrface. Many of these 
patches have purulent centres, but they are not commonly 
surrounded by a zone of red hypersBmic tissue, as in 
pysBmia. Yellowish lines and struc are also often seen 
extending from the papillsB to the bases of the pyramids. 
This acute suppurative process may occur independently 
of the more chronic lesions. Much more commonly, 
however, it supervenes in kidneys which have already 
undergone the more chronic and diffuse interstitial 
changes, and its supervention appears not nnfrequently 
to be determined by the performance of some surgical 
operation in connexion with the bladder or urethra. 

Respecting the pathology of these changes in the 
kidney — ^they undoubtedly result from the inflanmiatory 
condition of the urinary passages, and the impediment 
to the escape of the urine with which they are associated. 
As to the manner in which these conditions produce the 
kidney changes we are unable to speak certainly. The 
simple tension due to the urinary impediment is in itself 
sufficient to cause chronic interstitial changes. Kespect- 
ing the more acute processes. Dr. Dickinson believes that 
in many cases these are due to the absorption of septic 
substances contained in the urine.* According to Mr. 
Marcus Beck, reflex irritation of the kidney caused bj 
injuries of the bladder from calculus, operative inter- 
ference, &c., is often an important causative element.f 



* Dickinson, on ** Disseminated Suppuration of the Kidney:** 
Afed -Chir. JYans.^ vol. Ivi. 

t Marcus Beck, on "Nephritis and Pyelitis consecutive to 
Affections of the Lower Urinary Tract :" Reynolds* System qfMedidM^ 
ol. V. 



TUBAL NEPHRITIS. 



Tabal, parenchTmatons, or aciit« nephritis, is that Bnb- 
acnte inflaiDmatioii of the kidney which coDstitnteB the 
more aoate form of Bright'a disease — that form which is 
characterised bj a more or less marked beginning, Ecanty 
and Itighlj albaminons nrine, and drapsy. In its more 
advanced stages it is the large kidney of chronic Bright'a 
disease. 

The changes which take place in the kidney have ttteir 
seat mainly in the cortex. They comprise increased 
vasonlarity and exndation into the nrine tnbea, and 
swelling with, probably, proliferation of the tabular 
epithelinm. The prominence of the vaacnlar phenomena, 
however, varies very considerably in different cases. 
In the moat acnte oases of Bright's disease— those 




3ti&iIA«tiArili)— Theesrlierala^eoftbeproceea Show- 
ing ths 8w«lliiig of the tubular eiiithelium In some of tha 
tabes the epithelium has fallen out dnni^ the preparmtion 
of the section, x 200. 
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whioli are induced snddenlj from exposare to cold, tite 
vascalar changes are marked. In theHS caaes the con- 
traction of the cntaneons veaaels and the check to the 
fonction of the akin canacd hj the chilling of the sur- 
face, lead to considerahle hjx>erB3inia of the organs. 
There is abundant exudation into the nrine-tnbea, many 
of the capillaries at the same time frequently rapture, 
and thoB there ia an escape of blood -corpuscles and of 
liquor sanguinis into the tuhea of the cortex ; heuce the 
blood and " blood-caata" in the urine which are eo 
characteriatic of the earlj stages of these moat acute 
forms of the disease. In this stage the proceas maj 
quickly Bubside, and, with the exception of some awelting 
and desqnamation of the tubular epithelium, no further 
alterations take place in the kidnej. 
Fro. lie. 




9 & 



T\ibal XephrUii—a Single Urint Tube.— Showing the ao- 
cnmulatioa withia the tube. In ths few epitb^lUl cells 
wbich have eacaped, ia seeo the gnoulsr condiiioo of the 
pcotoplMm. X 200. 

In the leas acute casea the vascular phenomena are 
less marked, and important changes take place in the 
tubular epitheliam. The epithehal elements become 
swollen and grannlar. (Fig. 117.) The granules, which 
are often ao numerous as to occlude the nucleus of the 
cell, are aoluhle in acetic acid, and thus differ from 
molecular fat. This is the condition known as " cluudj 
^welling." Many small cells are alao seen within the 
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tribes, and these have been supposed to be the products of 
epitbielial proliferation. It is probable that some of them 
are thus produced, although the majority must be re- 
garded as haying escaped from the vessels. Owing to 
tliese changes the tubes become distended with cellular 
elements. (Fig. 118.) 

In addition to the cell-forms, many of the tubes also 
contain hyaline cylinders, which are commonly regarded 
as consisting of coagulated substances *which have es- 
caped from the vessels. By many pathologists, however, 
this hyaline materal is supposed to be the product of a 
mucoid, or some allied, metamorphosis of the epithelium. 
The cell-forms contained within the tubes adhere to this 
hyaline substance, and some of them are washed away 
and appear in the urine as " epithelial casts." A varying 
number of emigrant leucocytes are also usually found 
around the Malpighian tufts. 

The alterations which these changes produce in the 
physical characters of the kidneys vary according to the 
extent of the hyperaemia. The organs are always con- 
siderably increased in size, and more or less abnormally 
vascular. The capsule separates readily, exposing a per- 
fectly smooth but vascular surface. The consistence is 
diminished, the tissue breaking with a soft, friable frac- 
ture. On section, the increase in the size of the organ 
is seen to be principally due to the increased thickness of 
the cortex. This is either of a reddish-brown, or of an 
opaque-white or pale buff colour ; these differences de- 
pending upon the relative proportion of blood and of accu- 
mulated intra-tubular elements. Although in the earliest 
stage of the most acute forms of the disease the colour is 
redder than natural, it usually soon becomes pale and 
opaque. This is owing to the swelling of the epithelial 
elements and to the accumulation in the cortical tubes. 
The blood becomes expressed from the intertubular 
vessels, and hence the increased vascularity is most 
evident in the Malpighian corpuscles, beneath the cap- 
sule, and in the pyramidal portion of the organ. The 
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Malpigluan oorposdea stand ont as prominent red points, 
and the pyramidal cones are of a deep red colour, thus 
contrmsting stronglj with the pale opaqae cortex. 

The termination of the process varies. The increased 
▼ascnlarit J and epithelial change maj, as alreadj stated, 
snbside, and the inA^mmatory products passing away in 
the nrine, the organ gradoally retoms to its normal con- 
dition. In other cases the disease continues ; and although 
the vascularity diminishes, the vitality of the epithelial 
elements become so much impaired that they undergo 
retrogressive changes. The cells then continue to come 
away with the urine, adherent to the casts, bnt instead 
of presenting the swelled granular appearance as in the 
earlier stage of the disease, they contain molecular fat 
This fat gradually increases in amount as the degenera- 
tion proceeds, until ultimately the cells are destroyed, 
and it appears as free molecules and granules on the 
tube-casts. 

This fatty degeneration of the epithelium is attended 
by corresponding changes in the appearance of the ozgan. 
llie redness diminishes, and the Msdpighian corpuscles 
are less prominent. The enlarged cortex presents a 
yellowish-white tinge, studded with minute yellowish 
streaks. This is owing to the presence of fat in the 
tubes of the cortex. This fatty stage, if only slightly 
advanced, may undoubtedly pass off. The degenerated 
cells are carried away by the urine, from those which 
remain in the tubes the &t is probably partially absorbed, 
the retrograde process gradually ceases, and the organ 
returns to nearly its normal size and condition. In other 
cases the degeneration continues, and, owing to the loss 
of epithelium, the kidney becomes somewhat diminished 
in size. This atrophy, however, I believe never occurs 
without changes in the intertubular connective tissue. 

When the inflammatory process is of longer duration, 
or when the kidneys are the seats of repeated attacks 
of sub-acute inflammation, the intertubular connective 

sue invariably becomes involved. This tissue becomes 
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infiltrated with amaJl cells whicb ultimately tend to form 
a. fibrillated stractnre. (Fig. 119.) The new intertnlmlar 
growth may gradually increase, and so lead to more or 
leaa irregnlftr atrophy of the oi^an, snch as will be 
described ae occarring in .interstitial nephritis. (See 
** Interstitial Nephritic.") In other casea death ensues 
before any marked atrophy has taken place, and thus the 
organ may remain smooth and large to the termination of 
iiha disease. The intertnbular growth is sometinieB fonnd 
tliickly stndded with fatty grannies. 

Fio. 119. 
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Tubal \ephntii — Durat a o{ d aesBB, sii mootha. 
Kidnef B Urge cnpniileg uou-adLereDt anrfBce emcxith i 
tiaeue, soft —Showing m addition to the intiatubuUr 
ohsnge tha cellolar infiltration of the intertubuUr con- 
nectvre tissue x SCO 

SciELiTiNALNBpHRiria.— The changes which tale place 
in the kidney in scarlatina were formerly regarded as 
precisely similar to those which have been jnat deacribed 
as tubal nephritis. Becent investigationB, however, show 
that this view requires considerable modification. It has 
long been known that in scarlatina cases sometimes occnr 
in which the kidney change dilFers from the type of ordi- 
nary acate nephritis ; and such cases have been described 
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by Prof. Elebs, as glomerulo'Viephritis, It is mainly, how- 
ever, owing to the more recent researches of Dr. Klein 
that any exact knowledge of the scarlatinal kidney 
exists.* The changes as described by Dr. Klein may be 
thns briefly summarised : — . 

The earliest changes — ^those occurring daring the first 
week of the disease — comprise : — 

1. Increase of the nuclei covering the glomeruli of the 
Malpighian corpusQles. 

2. Hyaline degeneration of the elastic intima of minute 
arteries, especially of the aflerent arterioles of the Mal- 
pighian corpuscles. This change produces a swelling of 
the intima, so as in some places to cause a distinct nar- 
rowing of the lumen of the vessel. The capillaries of the 
Malpighian corpuscles are in parts altered in the same 
way, in consequence of which many of them become im- 
permeable. 

These marked and early changes in the Malpighian 
corpuscles are important, as helping to explain those 
cases which are occasionally met with, in which death 
occurs from anuria and ursamia, and no catarrhal or other 
conspicuous alterations are found in the kidneys. 

3. Multiplication of the nuclei of the muscular coat of 
the minute arteries, and a corresponding increase in the 
thickness of the walls of these vessels. 

4. Cloudy swelling of the epithelium in the convoluted 
tubes, with multiplication of the epithelial nuclei. Gra- 
nular matter and even blood may also be found in the 
tubes, and in the cavity of Bowman's capsules. These 
parenchymatous changes are in the early stages of the 
disease but little marked. 

The later changes^^those occurring after the first 
week — consist in : — 

5. A cellular infiltration of the intertubular connective 
tissue of the cortex (interstitial nephritis), together with 

* " The Anatomical Changes of the Kidney and other Oi^gans in 
Scarlatina of Man," by Dr. Klein : Trans. Path, Soc. LoruL, 1877. 
Vol. xxviii 
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an increase in the epithelial changes, and a crowding of 
the tnhes with small round cells (leucocytes). The cel- 
lular infiltration commences around the larger vascular 
trunks, whejice it spreads rapidly into the bases of the 
pyramids, and especially into the cortex. As it increases 
the epithelium undergoes fatty degeneration, and the 
urine-tubes gradually become obliterated. 

INTERSTITIAL NEPHRITIS. 

Interstitial or chronic nephritis is characterised by a 
gradual increase of the connective tissue of the kidney 
and by atrophy of the tubular structures. This, as has 
been seen, often occurs in the more advanced stages of 
tubal nephritis (see Fig. 119); in scarlatinal nephritis; 
and also as a result of obstruction in the lower urinary 
passages. It is, however, most frequent, and constitutes 
the most prominent structural change in that variety 
of Bright's disease which is known as chronic Bright's 
disease with contracted kidney, and which is characterised 
clinically by insidious onset, increased secretion of urine, 
with the absence both of albuminuria and of dropsy. 

The changes in the kidneys in this most chronic form 
of Bright's disease are usually exceedingly gradual in 
their onset, and are not preceded by any marked vascular 
phenomena or by any activity in the tubular epithelium. 
The first change appears to consist in some cellular in* 
filtration of the intertubular connective tissue. (Fig. 
120.) Usually, however, the cells are not numerous, and 
the new tissue is more or less developed into a fibrillated 
structure. This is the condition in which it is commonly 
met with. These changes are almost entirely limited to 
the cortical portion of the kidney, and although here they 
are more or less general, the new growth is more abundant 
in some parts than in others, being usually most so 
around the Malpighian bodies and in the neighbourhood 
of the capsule, with which it is closely united. In this 
stage the tubes and their epithelium are unafiected. 

c c 
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In this earlj et^e, the kidnej maj be somewhat in- 
cnaaed in siie, the capaole nsnallj separates less readilj 
than in health, and the eorface of the organ is slightlj 
grannlar. On section, the cortical substance is in some 
cases paler, in others redder than natoral. The cnt-sni' 
&ce also looks obscnrelj granular. The Malpighjan bodies 
stand ont as red points, and the bases of the pjraimils 
and surface of the organ are sometimes hjpersmio. Tbe 

Flo. 120. 
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Imler^lnt \ep^nbi.— The ewlier stage of llie process. 
Showing the w ul&r nfiltnitiOD of the mtertubnUr con- 
uectiTs ssne The ep thel um bw f^en out of some of 
the tubes dunug the pnpanCion of the sectiOD k 200. 

consistence of the kidney is nsnallj shghtlj denser and 
tougher than natural. This, howerer, nill vary with the 
character of the new growth, as will also the increase in 
siie and the irr^nlarity of the surface. If the new tiasae 
is slowlj developed, the size will be but little increased, 
whereas the increase in consistence and the granular con- 
dition will be more marked. If, on the other hand, the 
piooesa be more rapid, and the cellular infiltration more 
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a^baodant, there will be a greater increase in the size, the 
f^i-anular chiiractet will be slight, and the coneisteiioe maj 
bo even softer than natnral. 

The second stage in the process is characterised bj the 
atrophy of the tnbular stmctnTes. This is probablj 
Tnadnljowing to the pressure eiercisedbytheintertubnlar 
growth and to the cicatricial contraction which it often 
undergoes The atrophy consequently is not uniform bnt 

Fio 121 




MentUial N'^rHii. — An advanced stage h p ocws 

Showing the inlertubnlar tissue wi h h era n or snd 
debris which result from tho degen ra n 

is more marked in some parts than in others The tnbes 
are now found in many parts diminished m size, or com- 
pletely obliterated ; whilst in others they are irregularly 
dilated, and filled with degenerated epithelial prodncts. 
Their walls are usually thickened. As the atrophy pro- 
ceeds the intertubular tissue thus becomes mingled with 
the grannlar and fatty debris which results from the 
retr<^rade process. (Fig. 121.) The Malpighian bodies 
becomeapproximated,and the secreting strj^cture through- 
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ont large tracts of the kidney ia deatrojed. (Fig. 12*2.) 
TTie irregnlar presanre eierciBed by the new growth also 
givee rise to the formation of cyata. Theae originate 
partly in the Bfalpighian capsnlea, and partly in tie 
urine tubes — the latter becoming irregularly dilated. 
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lulmtiuat Krphritis. — A very advanced G(a)j;s of the [jrocess. 
ShowiuK tlie lar((e amount of tissue between the tubee of llie 
cartel, mid the eitensisB strophj of tho tubes. The degene- 
rated epitheliam vhicb ivae contained io some of the tubes hu 
fallen ont in the preparation of the section, x [iO. 

The amall arteriee of the kidney also undergo im- 
portant alterations. These were first described by Dr. 
Johnson. Dr. Johiison Btat«s that the walla of these 
vesaela are thickened, owing to hypertrophy of tbeir 
longitadinal and circular mnscular fibres. Thia change is 
well repreaentpd in the accompanying drawing. (Fig. 123.] 
Both the internal longitudinal and the external circular 
muscular fibres are conaiderably increased. The external 
fibrous coat of the vessel is also thickened, and it appears 
to be continnous with the new intertubular tiasne. This 
thickening of the external coat has been especially in- 
sisted apon by Sir W. Gnll and Dr. Sntton. I bate 
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usually found it aaaociated with the muscular hypertrophy, 
^vhicli IB tmdonbtedly the most promioeut structural 
change. 

Fi« 123 




ArUrut flam contncUd IBdneg qf adrane d Chronic Brighfi 
i>i«eaw. — a. Longitudinal section, showing tbo great thickening 
of the inteniftl longitudinal and external circular mUBOular co»t. 
also of the outer fibroua coal, b. Transversa section of BDOther 
VHBsel lees diaeased. Here is seen the thickening of the cir- 
cular muBcuIar and external Sbrons coat. V 2U0. 

Id this more advH.nced stage oC the disease the kidney 
ia diminished in size. Its surface is more granular, the 
capsule more thickened and adherent, and it cannot be 
rerooTed without tearing the kidney substance. The 
superficial Tessele are seen unduly marked in the depres- 
sioas between the granulations. The cortei is tough 
and fibrous, of a reddish, yeUowish-grey, or huff colour, 
mottled with yellow streaks and patches; and usually 
numerons small cysts are distributed throughout it- 
Calcareons deposits are also sometimes seen as white 
streaks between the tubes of the pyramids. 



CHAPTER XUV. 

ikflahmahon of the brain and 
spinal cord. 

LcFLAXXATQRT pTOoesscs in the nervons centres are pro- 
bablj mnch less frequent than was f ormerlj supposed. 
Manj of those morbid changes in the brain and spinal 
cord which are attended bj softening, and which were at 
one time regarded as the result of inflammation, are now 
known to owe their origin to simple interference with the 
Tascolar supply, such as results from thrombosis, embo- 
lism, or degeneratiTe changes in the walls of the blood- 
Tcssela. (See *" Cefebral Softening.") 

The hijuiT which determines the occurrence of intense 
inflammations in the brain or cord is most frequentlj 
some external violence — a blow, simple concussion, or 
fracture of the osseous framework. In other cases it is 
diseased bone, as in the inflammation of the brain which 
so often resoltB from disease of the petrous portion of the 
tonporal bone. Lastly, in a comparatiTclj few number 
of cases these inflammations sre pyaenuc. 

The inflammatory process is almost invariably limited 
to small portions of the cerebral or spinal substance. The 
eailiest change consists in a more or less intense and 
localised hyperemia, which is frequently attended by 
mptore and minute extravasations of blood. The nervons 
tissue then becomes infiltrated with young cells and con- 
siderably softened, and it presents a uniform red or 
mottled colour. This red softened tissue gradually ac- 
quires a brownish or brownish-yellow colour owing to 
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ilianges in the haBinoglobiii. The nerve-fibres, nerve-cells, 
Etxid cells of the neuroglia then become disintegrated and 
often undergo more or less fatty degeneration ; and thas 
tlie so-called "inflammatory" or "exudation corpuscles" 
are frequently met with. (See Fig. 16.) 

In many cases the accumulation of young cells is 
sufficient to give rise to the formation of an abscess, and 
a yellowish or reddish purulent liquid gradually takes 
tihe place of the original softened mass. The tissue sur- 
rounding the abscess is also hypersdmic, softened, and 
infiltrated with cells. The cellular infiltration may 
gradually extend, and thus the abscess increase in size 
until it opens either externally or into the ventricles. In 
other cases the abscess becomes limited and encapsuled 
by the formation of connective tissue from the neuroglia, 
and this tissue often forms a delicate network traversing 
the cavity. When the products of these intense inflamma- 
tions have thus become encapsuled they may gradually 
dry up into caseous or calcareous masses, or the absorp- 
tion may be more complete, so as to leave little more than 
a cicatrix. B»esp3cting the source from which the young 
cells are derived-they are probably entirely emigrants. 
The nerve-cells themselves, and the cells of the neu- 
roglia, appear to undergo no active changes in in- 
flammation. 

Suppurative inflammations are much more common in 
the brain than in the spinal cord. In the latter the 
inflammatory proeess is rarely of sufficient intensity to 
produce abscess ; it causes merely softening of the nervous 
tissue, and, when not secondary to a meningitis, usually 
involves primarily and principally the central grey 
matter (myelitis.) 

ISPLAMMATORY SOPTENING OP THE BrAIN AND CoBD. — 

Conditions of softening of the cerebral or spinal sub- 
stance resulting from inflammation, other than those 
which have been above described, probably rarely occur 
BAprimani lesions. Most varieties of softening which 
were formerly described as inflammatory — either from 
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the red colour of the softened tissue or from the acute- 
ness of the process — ^result, as already stated, from vas- 
cular obstruction ; either from the more sudden occlusion 
of the vessels by an embolus or thrombus, or from the 
more gradual obstruction due to atheromatous, calca- 
reous, or syphilitic disease of the vascular walls. (See 
"Cerebral Softening.") Inflammation and consequent 
softening of the nervous tissue, however, sometimes 
occurs as a secondary process. It takes place especially 
around clots of blood or other morbid products within the 
brain or spinal cord, and results from the injurious in- 
fluence which these substances exercise up3n the imme- 
diately adjacent structures. Such a result is not unfre- 
quent in cases of cerebral hsemorrhage. Tlie nerve-tissue 
immediately surrounding the clot becomes the seat of an 
inflammatory process, and it is found after death softened, 
hypersBmic, and infiltrated with young cells. Inflamma- 
tion of the superficial portions of the cerebral and spinal 
substance may also occur as the result of meningitis. 

SCLEBOSIS OF THE BRAIN AND SFH^'AL COBJ). 

• 

The term " sclerosis" is applied to ceitain changes in 
the nervous centres which are characterised by an increase 
of the connective tissue (neuroglia), uid by atrophy 
and degeneration of the proper nervous elements. The 
affected portions are, for the most p&rt, increased in 
consistence; sometimes, however, they are softer than 
natural. They usually present a somewhat translucent 
appearance, and are of a greyish colour ; hence the change 
has been called " grey degeneration." The grey colour 
appears to depend upon the loss of the white substance 
of the nerve-fibres. The altered tissue also stains deeply 
with carmine. This is owing to the fact that the white 
substance of the nerve-fibres does not stain, but the con- 
nective tissue stains deeply. Hence the degree of stain- 
ing is valuable as indicating, even to the naked eje, the 
degree of the sclerosis. 
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"When, the dieeaaed portions of the brain and cord are 
examined microscopically, tlte cut ends oF the uerve- 
filiTeB are wen, in transverse sections, to be separated by 
a. gTa.iiiila.r, finely nucleated, and often partially fibrillated 
'tiesTie, which eyidently originates from tbe neurf^lia. 
(Fig. 124.) The nerre-fibrea themselves are atrophied, 
a,s are alao the nerve-cells when the gnj matter is in- 
volved ; and in advanced stages of the process bat few 
axis -cylinders or nerve-cells may be visible. In many 
caaes tbe nucleated character of the interstitial growth is 
wanting. The walls of the blood-vessels are also stated 
to be thickened, and their nnclei to be increased. 



Scleroiu of 'rpatal Cirrd — trnm a caaa of Pro 
gressive MuscDlar Alrophy A transvorae section 
Shoving the atrophy sad diFappeomnre of the 
QBrre-fibreH, and the naw tissue bstween them. 
X 200. 

Sclerosis is more common m the spinal cord than in 
the brain. In the latter it occnrs most frequently in 
small patches limited to certain portion*" of the bram 
These must be distinguished from the cicatncea left after 
the alBorption of blood or of inflammatory products 
Sclerosis of the cord may m the same way be localised 
and more or less dtssemmated, more commonly however 
it implicates only particular nervous tracts It orcurs 
thus in the posterior columns of the cord in locomotor 
ataxy, in the ant«nor comna m progressive mubcnlar 
atrophy, and in the pyramidal tracts as the result of 
destrojing lesions in the motor tract above {" Secondary 
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CHAPTER XLV. 

INFLAMMATION OF THE LUNGS. 

In the lungs, inflammatory processes comprise the three 
following principal varieties : — Croupous, broncho- or 
catarrhal, and chronic or interstitial pneumonia. Of 
these, the former occurs as an independent affection, 
whereas the two latter are usually the result of some 
antecedent bronchial or pulmonary inflammation. 

CROUPOUS PNEUMONIA. 

Crowpous, exvdati/ve, or lobar pneumonia, is that form 
of pulmonary inflammation which is met with in the 
disease known as acute primary pneumonia. This is 
now regarded as a general disease of which the pneu- 
monic consolidation is the prominent local lesion. 

The local process is characterised by intense inflam- 
matory hypersamia of the lung, and by the exudation of 
a large amount of coagulable material into the pulmonary 
tissue. It is termed "croupous" by the. Germans, from 
the supposed resemblance of the histological process to 
that of croup. The term " lobar" is applied to it because 
it almost invariably affects an extensive portion of the 
lung. The process is commonly described as consisting 
of three stages — 1st, iha.t of engorgement ; 2nd, that of 
red hepatization ; and 3rd, that of grey hepatization. 

In the first stage, that of engorgement, the lung becomes 
exceedingly vascular, the changes in the blood-vessels and 
circulation being such as have been already described as 
characteristic of inflammation. The organ is of a dark 
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red colonr, its specific gravity and abaolate weight are 
increased, its elasticity is diminished, it is lesB crepitant 
and more friable than natural, and pits upon pressme. 
Its cut surface yields a reddish, frothy, tenacions liqnid- 
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Tn the second st&ge, that oired hepatization^ there is an 

exudation of liqnor sanguinis and migration of blood* 

corpuscles into the pulmonary tissue. Some of the vessels 

xaay also rupture, and thus small extravasations occur. 

'ilie exuded liquids coagulate within the air-vesicles and 

'terminal bronchioles, the coagulum enclosing numerous 

^^^hite and some red blood-corpuscles. (Fig. 125.) It is 

stated by some German pathologists that the coagulum 

is in part produced by certain changes in the epithelium 

like those believed to occur in croup. (See " Croupous 

Inflammation of Mucous Membranes.") The lung is 

now much heavier than in the preceding stage, and is 

increased in size, so as to be often marked by the ribs. 

It is quite solid, sinks in water, and cannot be artificially 

inflated. It does not crepitate under the fingers, but is 

remarkably friable, breaking down readily with a soft 

granular fracture. The cut surface has a markedly 

granular appearance, seen especially when the tissue is 

torn. This is owing to the plugs of coagulated exudation 

matter which fill the alveoli. The colour is of a dark 

reddish -brown, often here and there passing into grey. 

This admixture with grey sometimes gives a marbled 

appearance. Throughout this stage there appears to be 

but Httle alteration either in the alveolar walls or in the 

alveolar epithelium. On the former are often seen a few 

leucocytes, and the latter is usually swollen and granular. 

(Fig. 125.) The pleura covering the solid lung always 

participates more or less in the inflammatory process. It 

is opaque, hypersemic, and coated with lymph. 

The third stage, that of grey hepatization, is charac- 
terised by a continuance in the emigration of leucocytes, 
and by cell-proliferation. The white blood-corpuscles 
continue to escape from the vessels, and thus their num- 
ber within the alveoli gradually increases. The epithelial 
cells lining the alveolar walls, which were only swollen 
and granular in the earlier stage of the process, now 
undergo more active changes. Their nuclei enlarge and 
multiply, and ultimately numerous new cells are produced. 
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The pulmonary alveoli thns become completely filled witi 
joang cell-foima, so tkat the fibriuous eiadation ia no 
longer visible as an indepeDdent material, as it is in the 
stage of red hepatization (See Fig 125 ) The fibrmoM 
material now disintegrate a, and the jonng cella rapidlj 
undergo retrogreBBive fattj changes, ao that, as oBoallj 
aeen, the alveoli are filled with grannlar elements, which 
in. manj parts have lost their distinctive outlines. 
(Fig. 126.) The alveolar walla themselves, with few 
Fio 126. 




OoBpoKt Pneumonia— Oreg pppofiinJion.— Showing the 
largB sccunmlation of cfiliular elemenls within one of tbe 
pnlmonBiy alreoli, which in aome psrte have updei^^e 

uutliaea are no longer visible. > SOO. 
exceptions, remain thronghont the procesa Dnattered, 
althottgh occBsionaUy when this stage ia uunsnally 
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cLcLvanced they may be found, here and there, partially 

d.estroyed. The weight, density, and friability of the 

lung now become even greater than in the stage of red 

liepatization, although the granular aspect of the cut 

surface is much less marked. The tissue is now quite 

soft and pulpy, and a purif orm liquid exudes from its cut 

surface. The most prominent feature, however, is the 

alteration which takes place in the colour of the organ. 

This gradually changes from a dark reddish-brown to a 

grey or yellowish-white. This is owing partly to the 

pressure exercised upon the blood-vessels by the exuded 

substances and newly-formed cells, and partly to the 

fatty degeneration which the latter have undergone. The 

stage of grey hepatization when far advanced has been 

termed suppuration of the lung. 

Although these three stages of the pneumonic process 
have been described as succeeding one another in orderly 
succession, it must be remembered that each stage does 
not occur simultaneously throughout the whole of the 
affected area of the lung. The changes advance irregularly, 
so that whilst one portion of the lang is in the stage of 
red hepatization, another may be in the grey stage — 
hence the mottled marbled appearance of the consolida- 
tion. The rapidity with which the several stages succeed 
one another is also subject to marked variations. In 
some cases the pneumonic consolidation very rapidly 
becomes grey, whilst in others the time occupied in the 
transition is much longer. 

The pneumonic process may terminate in the four fol- 
lowing ways :— 

Ist. In Resolution. — The gradual return of the lung to 
its normal condition is the natural and much the most 
frequent termination of croupous pneumonia. This is 
effected by the fatty and mucoid degeneration of the 
inflammatory products which have accumulated within 
the alveoli, which thus become so altered that they can be 
removed by absorption. Granular pigment is also mixed 
with the softened matters and appears in the expecto- 
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ration. This is probably partly derived from the extra- 
vasated blood, and is partly that which normally exists in 
the interlobular connective tissue. Where this process of 
liquefaction and disintegration is taking place in the 
lung the granular appearance of its cut surface is com- 
pletely lost. It is of a yellowish-grey colour, and a 
tenacious puriform liquid can be expressed from its sub- 
stance. As the softened matters become absorbed, the 
circulation is gradually restored, and the organ ultimately 
attains its normal characters. 

2nd. In Abscess, — ^The formation of abscess is a rare 
result of simple pneumonia. Such a result appears to 
be favoured by a bad constitution, and by any circum- 
stances which tend to impair the general health, es- 
pecially the abuse of alcohoL The abscess is more com- 
mon in the upper than in the lower lobes. Circumscribed 
gangrene of the lung may also occasionally terminate in 
abscess. This takes place by the evacuation of the 
necrotic tissue through the bronchi, and the formation of 
a pyogenic membrane from the walls of the cavity, which 
generates pus. The cavity may ultimately close by granu- 
lation and cicatrization. These abscesses of primary 
origin are usually single, and thus di£Eer from those due 
to pyajmia. 

3rd. In Gangrene. — This, which is also rare, is most 
common in chronic drunkards and in those of debilitated 
constitution. Two conditions appear to be principally 
concerned in bringing about this result: — one is the inter- 
ference with the supply of blood by the extensive forma- 
tion of coagula in the pulmonary and bronchial vessels, 
together with considerable haemorrhage into the pnl- 
monary tissue; the other is the injurious influence of 
septic inflammatory products. The gangrene is nsuaUy 
limited to a small area of the pneumonic lung, and is 
either difluse or limited by a zone of inflamed tissue. 

4th. In Chronic Pneumonia, — If the inflammatory pro- 
cess does not subside and the exuded substances are not 
absorbed, the alveolar walls gradually become involved. 
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These become tbickened by a new growth of fibro-nu- 
cleated tissue, and thus is produced more or less fibroid 
induration of the organ. (See " Interstitial Pneumonia.") 
This termination of croupous pneumonia is comparativel j 
rare. 

A croupous pneumonia plays a prominent part in some 
cases of pulmonary phthisis. (See *' Pulmonary Phthisis,") 

BKONCHO- OR CATARRHAL PNEUMONIA. 

Broncho-, catcMrrhal, or lobular pneumonia is inflam- 
mation of the lung-tissue associated with, and usually 
secondary to, inflammation of the bronchial mucous 
membrane. In the earlier stage, the pulmonary inflam- 
mation is commonly limited to scattered groups of air- 
vesicles, hence the term hhula/r which is applied to it. 
As the process proceeds, the inflammatory nodules may 
gradually coalesce, so as to produce larger tracts of con- 
solidation. The inflammatory products which fill the 
alveoli, consist largely of cells derived from the epithe- 
lium of the alveoli and from the bronchial mucous mem- 
brane ; exudation and emigration play a much less pro- 
minent part in the process than they do in croupous 
pneumonia. Owing to this preponderance of epithelial 
products, and to the association of the pulmonary with 
the bronchial inflammation, the process has been termed 
catarrhal pneumonia. 

Pathology. — The pneumonic process, as already stated, 
is invariably associated with bronchial catarrh. In some 
cases, it would appear that the injury which produces 
the bronchial inflammation produces at the same time 
inflammation of the air-vesicles, but much more fre- 
quently the bronchitis precedes the pneumonia, and 
gives rise to it in a manner to be hereafter described. 
Whatever causes inflammation of the bronchial mucous 
membrane may thus be a cause of broncho-pneumonia. 
Simple bronchitis, especially in childhood and old age, 
and also the specific bronchitis associated with measles 
and whooping-cough, are the most frequent precursors of 
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inflammatory products. In other cases, it is possible tliat 
the iniary which causes the bronchitis causes at the same 
time it^B^ation of «.e pulmonary alveoli. 

Histology, Ac. — The appearances presented by the 
lungs after death vary. The bronchi are always more or 
less inflamed, and contain thick mucus. The lung-tissue 
exhibits, associated in various degrees, collapse, conges- 
tion, oedema, emphysema, and pneumonic consolidation. 
The bluish, non-crepitant, depressed portions of collapse, 
which become darker and more friable with age, are 
usually most abundant in the lower lobes and margins 
of the lungs. The collapse sometimes involves the whole 
of one lobe, but more commonly it is limited to smaller 
areas. When scattered and limited in its distribution, 
there is usually more or less em]>hysema of the in- 
tervening portions of the lung. 

Those portions of the lung in which the pneumonic 
process has supervened most commonly appear as scat- 
tered nodules of consolidation, varying in size from a 
small pea to a hazel-nut. These are ill-defined, and 
pass insensibly into the surrounding tissue, which is 
variously altered by congestion, collapse, and emphysema. 
They are of a reddish-grey colour, slightly elevated, 
smooth, or very faintly granular, and sofb and friable in 
consistence. As they increase in size they may become 
confluent. In a more advanced stage, the nodular and 
more difl'ase consolidation becomes paler, firmer, drier, 
and somewhat resembles in appearance ordinary grey 
hepatization. 

When examined microscopically, this consolidation is 
seen to consist of an accumulation within the alveoli of a 
gelatinoas mucoid^boking substance, small cells re- 
sembling leucocytes, and epithelial elements. In many 
cases much of this accumulation is precisely similar to 
that contained in the smaller bronchi, and it is evidently 
the inflammatory and richly cellular bronchial secretion 
which has been inhaled. (Fig. 127.) It is also often partly 
the result of exudation and emigration from the pul- 
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monaij oapillarieB ; for, as shown bj Cohnlieim, blood- 
staaJB BO mjnres tLo walla of the blood-veseels that 
the blood-corpuBoles and liquor sangmnis readily per- 




ia. — From B child, aged four, with eapillary 

broDchitU. A section of one of tlie patches of coDSolidation. 
Bhowina the stufBog of the alveoli with what appears ia the 



meate them. (See " Infl&tnmation.") Aasociated with this 
material are large epithelial elements, the offspring 
of the alveolar epithelium. These vary conaiderably in 
number. In some cases, and in some portioua of the 
ConBolidaiion, they maj be very few, whilst in others 
tbej may conatjtnte the prodominant change. (Fig, 128.) 
These differences probably depend upon how far the 
inhalation of bronchial secretion constitutes a part of the 
process. 

The sabsequent changes which take place in the lungs 
Taiy. When the disease does not end in death, resolu- 
tion is the moat common t^ermiuation. The contents 
of the alveoli undergo fatty metamorphosiB, and are re- 
moved by expectoration and abaorption, the lung gra- 
dually regaining ita normal character. This proceaa. 
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howerer, is leas readily effected than in cronpona pnea- 
tnonia, and it often occapieB such a lengthened period 




whicb fill the ftlveoli. 
that some thickening of the bronchial and alveolar walls 
and dilatation of the smaller bronchi remains. In 
chronic cases this fibroid thickening is mnch more 
marked, and considerable irregnlarly distribnted pig- 
mented indnration and bronchial dilatation may be 
produced. (See " Chronic Pneumonia.") In these chronic 
fonns the contents of the alveoli sometimes caseate, and 
then become encapsiiled,orin qnite exceptional cases lead 
to disintegration. 

H1POST4TIC Pneumonia. — Allusion must be made here 
to a form of lung-consolidation which is often described 
as pneumonic, bnt which, in reality, is for the moat part 
non-inflammatory in its nature. This is the so-called 
hypostatic pneumonia. This condition is met with at 
tie bases and most dependent portions of the Inngs 
in the course otboth chronic and acnte diseases, and also 
in the aged and debilitated. It consists in the main of 
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collapse, hypersamia, and cedema of the lung-tiBSue, re- 
snlting from weak inspiratory power, feeble circulation, 
and gravitation. The consolidation thus mechanically 
induced is increased by more or less exudation of liquor 
sanguinis and blood-corpuscles into the alveoli, which 
exudation is partly due to the damage to the walls of the 
capillaries caused by the blood- stasis. This condition of 
hypostasis is, as has been already stated, especially 
favourable to proliferation of the alveolar epithelium ; 
and this proliferation often occurs to a greater or less 
extent, and so tends to increase the consolidation. 

INTERSTITIAL OR CHRONIC PNEUMONIA. 

Interstitial or chronic pneumonia is characterised by a 
gradual increase in the connective tissue of the lung, 
which leads to an induration of the pulmonary texture, 
and to progressive obliteration of the alveolar cavities. 
It is commonly associated with catarrh and dilatation of 
the bronchi, and often with ulceration of the bronchial 
walls, and excavation of the indurated lung. 

Pathology. — It is exceedingly doubtful if interstitial 
pneumonia is ever a primary and independent affection. 
It probably in all cases owes its origin to some antecedent 
inflammation of the pulmonary or bronchial textures, or 
of the pleura. It may be stated generally that all in- 
flammatory processes in the lungs which become chronic 
lead to an increase of the connective tissue elements, and 
consequently to a fibroid induration of the organs, and in 
this respect, therefore, these processes resemble similar 
ones in other parts — e. g., in the liver, kidney, and mucous 
membranes. In the lungs, by far the most common cause 
of such induration is phthisis, in all cases of which, ex- 
cepting in those which are the most acute, there is more 
or less fibroid growth. The most chronic cases of 
phthisis — those in which the fibrosis is the most marked 
— are, it must be admitted, somewhat closely allied to 
some forms of interstitial pneumonia. The two diseases 
differ, however, in this respect : — that whereas much of 
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the pulmonary coQBolidation of phthisis tends to undergo 
molecular death and disint^ration, that of i^iterstitial 
pneumonia exhibits no Bnch tendency, but any deBtmc- 
tion and excavation of the indurated lung which maytake 
place is due to secondary inflammation and ulceration 
oommencin;; in the bronchial walls. In considering the 
jiathology of interstitial pneumonia, therefore, it ia necea- 
saiy to exclude, in the first place, the pulmonary fibrosis 
of chronic phthisis. (See " Pnlmonary Phthisis.") Inter- 
stitial pneumouia must al«o he separated from that form 




of pulmonary induration which is produced by long-con- 
tinned mechanical congestion (see " Brown Induration of 
the Lung"), and from those more localised indnrations 
due to chronic bronchitis (Pig. 129), and to ayphilia. 

There appear to be four conditions which may give rise 
to interstitial pneumonia. These are as follows : — 

1. Croupoua Fneamonia. — The pulmonary consolida- 
tion of acute croupons pneumonia in almost all cases 
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undergoes complete resolution. This resolution is usually 
effected rapidly, but occasionally it is more protracted. 
When protracted, the hepatized lung tends to become 
slightly indurated, owing mainly to thickening of the walls 
of the alveoli. This indurated hepatization differs but 
little in its physical characters from ordinary red and grey 
hepatization ; it is simply somewhat firmer, more resis- 
tant, and less granular. In very exceptional cases this 
small amount of induration, commencing in the alveolar 
walls, may gradually increase, so as ultimately to give 
rise to that extensive fibrosis of the lung which constitutes 
what is usually known as interstitial pneumonia. 

2. Broncho-Pneumonia. — This appears to be a some- 
what more frequent cause than the preceding. The 
greater liability of this form of pneumonia to lead to 
pulmonary induration is to be accounted for, partly by 
its longer duration and greater tendency to become 
chronic, and partly by the existence of bronchial dilata- 
tion with which it is so frequently associated. That 
bronchial dilatation is favourable to an indurative pneu- 
monic process has been insisted upon by Dr. Wilson 
Fox.* The existence of this dilatation favours the per- 
sistence of the catarrhal and pneumonic process. The 
removal of secretion is rendered difficult, and the re- 
tained secretion tends to keep up and increase the irri- 
tative process both in the dilated bronchi and also in the 
pulmonary alveoli, and this persistence of the bronchial 
and pulmonary inflammation leads to fibroid thick- 
ening of the bronchial and alveolar walls. In this "way 
areas of fibroid induration are produced, which, as the 
process proceeds, may ultimately involve large portions 
of the lung. The progressive tendency of the process 
is probably partly to be explained by the fact that 
pulmonary fibrosis is a cause of bronchial dilatation, so 
that fibrosis once established, by inducing further dilata- 



• Eeynolds' " System of Medicine," vol. iii. Article, Chronic 
Pneumonia. 
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Degeneration"). In tbe localised and disseminated forms 
of sclerosis the cellular character of the new growth is 
nsuallj more marked than it is in the simple uniform 
sclerosis which involves particular nerve-tracts. 

Respecting the nature of the change — it is probably in 
many cases the result of a chronic inflammatory process, 
the new growth of connective tissue leading to the de- 
stmction of the nerve-elements. In other cases, however, 
the atrophy of the nerve-tissue appears to precede the 
interstitial increase, so that the process would rather be 
regarded as a passive degeneration. This is probably 
the case in the secondary degenerations of the cord. 
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alveolar cliange was tHe principal canse of tlie fibroid 
induration of the organs. 

Wlien the fibrosis is secondary to an ordinary broncho- 
pneumonia or to that induced by the inhalation of 
irritating solid particles, the new growth also originates 
principally from the alveolar walls. Here, however, the 
growth in the earlier stages is less uniform, and the peri- 
bronchial and interlobular connective tissue play a more 
prominent part in the process. 



CHAPTER XLVI. 

PULMONARY PHTHISIS. 

Br pulmonary phthisia is understood a disease of the 
lungs which is characterised by progressive consolidation 
of the pulmonary texture, and by the subsequent soften- 
ing and disintegration of much of the consolidated tissue. 
Respecting the nature of the morbid processes which lead 
to this consoHdation and disintegration of the lungs — 
various opinions have from time to time been held by 
pathologists, and this diversity of opinion exists to some 
extent even at the present day. According to the older 
views, which were based upon the teaching of Laennec, 
phthisis was regarded in all cases as a tubercuhua disease. 
Tubercle was looked upon as a specific non-inflammatory 
growth which was characterised by the caseous degene- 
ration which it invariably underwent (see " Acute Tuber- 
culosis''), and this caseous metamorphosis was held to be 
such a distinguishing peculiarity of the growth, that all 
caseous masses came to be regarded as tuberculous, and 
phthisis, in which caseation plays such a prominent part, 
was consequently regarded as a tuberculous disease. The 
various consolidations of the pulmonary tissue were de- 
scribed as "infiltrated tubercle," and tubercle in some 
form or other was regarded as so essential a constituent 
of the disease, that ** phthisis" and " pulmonary tuber- 
culosis" came to be synonymous terms. 

These older views respecting the nature of phthisis 
have undergone various modifications during recent 3'ears. 
"When the application of the term "tubercle" became 
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limited by Virchow and his followers to the grey granu- 
lation, it was evident that such views were no longer 
tenable, and at the present time many, in accordance 
with the advocacy of the late Professor Niemeyer, regard 
tubercle as only an occasional element in the causation of 
the disease. In considering how far tubercle plays a part 
in the production of phthisis, it must be borne in mind 
that this growth is now known to be an inflammatory 
one. The miliary lesions which are commonly known as 
tubercular, are the anatomical results of chronic inflam- 
matory processes limited to small circumscribed areas ; 
and although they consist in the main of a small-celled 
lymphoid tissue, they present certain differences in their 
histological characters, according to the structure of the 
organ in which they originate. (See "Acute Tuberculosis.") 
In the lungs it has been seen that they consist not only 
of that lymphoid tissue and branched cells which is so 
charactenstic of tubercular lesions, but also of accumu- 
lations of epithelium within the pulmonary alveoli. (See 
" Tuberculosis of the Lungs.") 

Histology of Phthisis. — ^The histological changes in 
the lungs which occur in pulmonary phthisis are similar 
to those which are met with in these organs in acute 
miliary tuberculosis. They differ mainly in this respect — 
that whilst in the latter disease these changes are usually 
limited to small areas (hence the miliary character of the 
lesions), in the former they commonly involve much wider 
tracts of tissue. 

In studying pulmonary phthisis, it will be advisable in 
the flrst place to describe the various structural changes 
which are met with in the lungs, together with the more 
important alterations which they produce in the physical 
characters of the organs; and subsequently to examine 
into the nature of the morbid processes upon which these 
changes depend, and to draw some general conclusions 
respecting the pathology of the disease. 

The structural changes met with in the lungs in phthisis 
are mainly of four kinds : — J st. An accumulation of 
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epUlieliai celle loithin the pulmonary alveoli; 2nd. The 
pretence within, the alveoli of a fibrinous exTidation and 
leucaeytes; 3rd. A cellular htfiltratioti and thickening of 
the alveolar walls, together vdth, in most cageg, a eimilar 
change in the walls of the terminal bronchioles ; and 4th. 
.in increase in ifte imlerlobular connective tissiie. These 
four kiads of morbid change are vorj constantly asso- 
ciated, altboQgh iQ veiy different degrees ; and some of 
them are more promiaeat and characteristic than others. 
The preponderance of one or other of them produces 
those variations in the physical characters of the lungs 
which are met with in the different stages, and in the 
different Tarieties of the disease. These variona stractnral 
changes must now be considered separately. 

Ist. An accumvlation of epithelial cells withia the 

puhnonary aheoli. — Tliia is one of the most frequent 

changes met with in phthisis, and is precisely similar to 

that which has been already described as occurring in 

Fio. ISS. 




Acult nthiiii. — Showing one o( tha alveoli filled wiih 
epithelial elements, and marked cetlular infiltration of the 
(dveolarwttlL x 20U. 



418 INFLAMMATION OP THE LUNGS. 

uses of trne catarrhal pneumonia. (See Fig. 128.) The 
alveoli are found filled with large nacleated elements, 
which are the oEFepring of the epithelial cells normally 
lining the alveolar walb. (Fig. 133.) In some acate 
caaes of phthisis this alveolar accnmmnlation may con- 
stitute almost the only morbid change, and although 
there is always some cellular infiltration of the alveolar 
walls, the great bulk of the palmonary consolidation ia 
Fio. 134. 




SictioB r)f Iiang from a C(at qf Acute Phliitit. — Showing 
thkt the couaolidatioD conBistg almost eiclusiTel; of pn>- 
dacts accumulated leitAin thn alvfloli. Id some part^ a 
free space ia sean betwaan the nlyBolsr walla and their 
contents: this iB Bimpl; due to tlie gbriiikiDg of the 
latter caaeed by the bardening of the Bpedmen. x SO. 

doe to the stuffing of the alveolar cavities with cata.Trha] 
products. (Fig. 134.) InHOmeparta— those iawhich the 
change is the most recent — the large cells which fill the 
alveoli and the alveolar waUs will be fonnd but little 
altered, bnt in the greater portion of the consolidated 
tisane the cells will be seen in various stages of retro- 
gresaive metamorphosis, and the alveolar walls destroyed ; 
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whilst in those tracts of tiasae in which the process is 
moat advanced, aU trace of stnictare is lost, and nothini; 
is seen but a gnumlar debris. These changes are pre- 
ciselj analogoas to those met with in many of the larger ' 
nodular lesions of acute tabercolosia. (See Pigs. 86 
and 87.) 

2iid. Tlie preeenee within the alveoli of a Jibrinofu 
exudation atid leucocytes. — This is less freqnent than the 
preceding. (Fig. 135.) The exudation products are 

Flo. 135. 




iufiltration of the alveokr wall. 
similar to those which fill the alveoli in ordinary croupous 
pneumonia. (See Fig. 125.) The coagulnm. however, is 
osoallj not ao abundant, neither is the fibrillation qnite 
so distinct. In the most a«ute forms of phthisis this may 
coustitote the principal cause of the pulmonary consoli- 
dation, hut more commonly it is associated with more or 
less epithelial proliferation. 
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The appearances presented by the Inngs in those cases 
in which the pulmonary consolidation is mainly due to 
the irt^a-alveolar changes above described are very 
characteristic. The consolidated tissue is quite soft and 
friable, breaking down very readily under the finger, and 
there is a complete absence of any induration. The con- 
solidation, although frequently almost uniform, some- 
times presents a somewhat lobulated outline, indicating 
the implication of different groups of the pulmonary 
lobules. The colour varies from a reddish to a yellowish 
grey, and scattered througli the consolidated masH are 
often small portions of a more decidedly yellow tint. 
These latter correspond with those parts in which the 
retrogressive changes are the most advanced, and they 
are even softer in consistence than the surrounding 
tissue. In many parts the consolidated tissue will be 
found broken down, so as to form cavities of various 
sizes. These always possess irregular walls, which are 
quite soft and friable, like the solid tissue which surrounds 
them. 

3rd. A cellula/r infiltration and thickening of the alveolar 
walls, together with, in most cases, a similar change in the 
walls of the terminal bronchioles, — This is very constantly 
associated with the former intra- alveolar changes, and it 
must be regarded as the most characteristic phthisical 
lesion, although its extent varies very considerably in 
different cases. The change is precisely similar to that 
which has been already described as occurring in acute 
miliary tuberculosis. In its earlier stages a few small 
lymphoid cells are seen infiltrating the alveolar septa, 
which are thus slightly thickened. (See Figs. 133 and 
135.) As the change proceeds, the number of these cells 
increases, and from them an imperfect fibro-nucleated 
structure is developed, which in some parts very closely 
resembles adenoid tissue. (Fig. 136.) This structure con- 
tains no new blood-vessels. As this new tissue develops 
in the alveolar walls, it gradually obliterates and replaces 
^e alveolar cavities, so that whilst in some portions the 
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thickened alreoli may be fooad still containiiif; epitheliiil 
elements, exadatioo products, or even giaut cells, in others 
large tracts iril) be seen, conaistiiig almost entirclj of the 




Sectioit qf tuagflron a Out of Hmeiciat Chronic Phllia 
— ShowiDg the th ckemag of the Blveular vails b;a fibr 
uucleated adeaoid-like tissue j together mtb an accumu- 
lation or epithelial cells wiLhiu the alveolar cavity. The 
latterare undergoing retmgreBBivechanpiB. x 'iVU, 

Hmall-c«Iled growth. The development of this new non- 
vascular tiasae in the alveolar walls leads to the partial, 
or even complete, obliteration of the pulmonary capillaries, 
which, as will be seen Babseqnently, constitntes an im- 
portant element in the causation, of the retrograde 
changes. 

The changes which ma; sabseqnently take place in 
thia alveolar growth vary. The infiltrated septa may 
rapidly break down before any marked thickening or 
development of new tisane has had time to oocnr ; whiiat 
in other lesa acute cases there is a considerable develop- 
ment of the imperfect flbro- nucleated tisane, which. 
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althongh it maj remain as a more or less permanent 
structure, usually owing to insu£5cient vascular supply, 
undergoes in its turn retrogressive metamorpliosis. These 
two kinds of change are very often found taking place 
simultaneously in different portions of the consolidated 
lung. In those portions in which the new tissue is under- 
going degeneration, it, together with the cells which 
may be contained within the alveoli, will be seen to have 
become converted into a structureless granular debris, 
whilst perhaps in immediate vicinity to these more 
degenerated portions will be found a more permanent 
fibro-nucleated structure. 

Eespecting the alteration which the growth of this 
small-celled tissue produces in the physical characters of 
the lungs— it may be stated generally, that it usually 
leads to more or less induration of the pulmonary texture. 
The extent of this induration, however, will vary accord- 
ing to the characters of the new tissue. If the tissue be 
almost entirely cellular, such as is the case when it is very 
rapidly developed, it will produce but little, if any, indu- 
ration of the pulmonary consolidation, which, consisting 
mainly of the intra-alveolar accumulations, will be soft 
and friable in consistence, much resembling that which 
has been already described. When, on the other hand, as 
is more frequently the case, there is any considerable 
development of the imperfect fibro-nucleated growth, or 
its reticulum is dense and abundant, there will be a 
corresponding induration of the consolidated tissue. In 
many cases these changes produce uniform tracts of 
indurated consolidation of a greyish colour mottled with 
black pigment, in which there may be scattered here and 
there yellowish patches corresponding to those portions 
which have undergone retrogressive fatty changes. 

4th. An increase in the interlobular connective tisstie. — 
This is met with, to a greater or less extent, in all the 
more chronic forms of phthisis. This tissue, which sur- 
rounds the bronchi and blood-vessels, and contributes to 
the formation of the alveoli, is found not only increased 
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in amonat, bat also altered in character. In the earlier 
stages of its development, when it contains nnmerons 
email cells, althongh manj parts of it maj resemble the 
growth in the alveolar walls, its stractnre is more like 
that met with as the result of chronic indurative pro- 
cesses in other organs. It has a much greater tendency 
to become developed into a fibroid tissne than the 
alveolar growth, and is rarely the seat of those retrograde 
changes which are so fre<]nent in the tissne originating 
in the alveolar walls. As nanally met vrith, it consista 
either of wavy fibres or of a more or less reticnlat^ 
structure, with a varying number of round, spindle- 
shaped or branched cells. (Fig. 137.) Associated with it. 
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in most cases, are granules of black pigment. These dif- 
ferences in the pathological tendencies and structure of 
the alveolar and interlobular growths are mainly owdng 
to differences in the amount of their vascular supply. 
"Whereas in the former the vessels become obliterated in 
the manner already described, in the latter this oblitera- 
tion is much less complete or entirely wanting. In the 
most chronic cases of phthisis this interlobular growth 
may constitute the predominant structural change, and 
large tracts of the pulmonary texture may be found 
completely replaced by it. (See "Interstitial Pneu- 
monia.") 

An increase in the interlobular connective tissue in 
phthisis — inasmuch as the new tissue has so marked a 
tendency to become dense and fibroid — leads to extensive 
induration of the pulmonary texture ; and further, owing 
to the contraction which the tissue tends to undergo, its 
growth ultimately produces a corresponding contraction 
of the diseased lung. In all those cases of phthisis in 
which there is either a marked thickening of the alveolar 
walls, or an increase in the interlobular connective tissue, 
any cavities which may exist in the consolidated and 
indurated tissue are characterised by the tough and 
fibroid character of their walls, these presenting a marked 
contrast to the soft friable tissue which surrounds the 
cavities in those cases in which the pulmonary consolida- 
tion is mainly due to intra-alveolar changes. 

Changes in the Bronchi, — ^Allusion must now be made 
to certain changes in the bronchi. These tubes are 
invariably more or less involved in pulmonary phthisis. 
Some catarrh of the bronchi is constantly present in 
phthisical lungs. The catarrh is sometimes general, but 
much more commonly it is limited, and more strictly 
confined to such portions of the lung as are becoming, or 
have already become, consolidated. In many cases there 
is a marked tendency of this bronchial catarrh to lead 
to extensive cellular infiltration of the deeper structures 
of the bronchial wall. This is especially the case in the 
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scrofulous. (See " Scrofulous Inflammation," Fig. 76.) 
This cellular infiltration sometimes leads to the produc- 
tion of small ulcers. These have thickened opaque edges, 
and when once formed they tend to increase. In addition 
to these changes in the bronchial mucous membrane, 
there is often a cellular infiltration of the peri-bronchial 
tissue, and here small nodules of new growth are fre- 
quently met with — especially around the smallest bronchi. 
The development of these nodules is probably due to the 
transmission of infective substances by means of the 
lymphatics from the bronchial mucous membrane (tuber- 
culosis). 

Pathologt op Phthisis. — Having thus briefly described 
the various structural changes met with in the lungs in 
phthisis, it remains to consider the nature of the morbid 
processes upon which they depend. In the first place, it 
is evident that these changes are analogous to those which 
have been seen to occur in the several forms of pulmonary 
inflammation. The fibrinous exudation and leucocytes, 
and the accumulation of epithelial cells within the alveoli 
in croupous and catarrhal pneumonia, with, in ths more 
chronic cases, the ultimate infiltration of the alveolar 
walls; and the increase in the interlobular connective 
tissue which characterises the interstitial process, closely 
resemble the phthisical lesions. These considerations, 
together with those derived from the study of the etiology 
of the disease, are sufficient to justify the conclusion that 
the morbid processes which lead to the consolidation 
and subsequent disintegration of the lung come within 
the category of inflamimation, and that the differences in 
the histological changes to which they give rise are 
mainly due to diflbrences in the intensity, in the duration, 
and in the mode of origin of the inflammatory process. 

In considering the causes of these diflerences in the 
histological changes in the lungs, it is important to bear 
in mind what has been already stated respecting the 
variations in the character of the textural alterations in 
inflammation which are produced by differences in the 
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m moBt caaea, are giaimleB of black pigment These dif- 
ferences in the pathological tendendeg and structoie of 
the alveolar and interlobolar growths are mainly owing 
to differences in the amoont of their rascolar anpply- 
Whereas in the former the vessels become obliterated in 
the manner already described, in the latter tliis oblitera- 
tion is mnoh leu complete or entirely waoting- I"> *^ 
most chronic cases of phthisis this interlobular growth 
may conatitate the predominant strnctnral change, aud 
large tracts of the pulmonary teitore may be fonud 
completely replaced by JL (See "Interstitial Pnoo- 
monia.") 



1 the interlobular connective tissae m 
phthisis — inasmuch as the new tjBane has so marked a 
tendency to become dense and fibroid— leads to eitensive 
indnratiou of the pnlmonat7 tcitnre ; and fiirther, owiug 
to the contraction which the tissne tends to nndergo, its 
growth ultimately pntdnces a correspooding contractioD 
of the diseased lung. In aJl those cases of phthisiB in 
which there is either a marked thickening of the alveolar 
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any cavities which may eriet in the consolidated and 
indurated tissne are characterised by the tongh and 
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intensity and duration of the inflammatory process. (See 
" Varieties of Inflammation.") When studying the pro- 
cess of inflammation it was seen that the most intense 
forms of the process were characterised by abundant 
fibrinous exudation and emigration ; whereas in inflam- 
mations of less intensity the textural changes played a 
more prominent part. These textural changes also yaried 
according to the intensity of the inflammation. In the 
least severe and most chronic forms these changes tended 
to be limited to the elements immediately adjacent to the 
blood-vessels and lymphatics, whereas in inflammations 
of somewhat greater intensity more distant elements be- 
came involved. Farther, whereas in the former case these 
changes usually resulted in the formation of a small-celled 
tissue which tended to become fibroid, in the latter, the 
more distant elements — ^being in most cases incapable of 
further development — tended to undergo retrogressive 
changes. In the lungs, the truth of these propositions 
was borne out by the difEerences which were seen to exist 
in the histological characters of the lesions in the various 
forms of pulmonary inflammation, and also in acute 
tuberculosis. 

If the pathology of these inflammatory processes in 
the lungs be kept in view, the explanation of the diffe- 
rences in the histological characters of the lesions in pul- 
monary phthisis becomes tolerably evident. In those 
cases in which the inflammatory processes are of slight 
intensity and of long duration, the most marked struc- 
tural change will consist in the development of a small- 
celled growth in the alveolar walls and in the interlobular 
tissue — a growth which tends, more or less, to become 
developed into a fibroid structure ; whereas in those cases 
in which the inflammation is of greater intensity, fibrinous 
exudation and emigration, and proliferation of the alveo- 
lar epithelium, will constitute more prominent }>arts of 
the process. 

The intensity of the inflammatory process not only 
determines to a great extent the histological characters of 
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the pnlmonary consolidation, but also the snbseqnent 
changes which take place in it. In those cases of phthisis 
in which the intensity of the inflammatory process is con- 
siderable, not only do the epithelium and exudation pro- 
ducts which have accumulated within the alveoli quickly 
degenerate and break down, but any small-celled tissue 
which may have been developed in the alveolar walls or 
around the terminal bronchioles also softens and dies, 
and thus the vitality of large tracts of the pulmonary 
consolidation may become destroyed. In those cases, on 
the other hand, in which the process is less intense, the 
small-celled growth produced in the alveolar and bronchial 
walls is more permanent, and there is an increase in the 
interlobular connective tissue. It is these two kinds of 
change, the one tending towards death, and the other 
towards progressive development, which produce the 
caseation and softening on the one hand, and the 
induration on the other, which, associated in such various 
degrees, make up the diverse physical characters of the 
phthisical lung. 

These various secondary changes which may take place 
in the pulmonary consolidation of phthisis must be con- 
sidered more fully. They are of three kinds — resolution, 
development into an imperfect fibroid tissue, and retro- 
grade metamorphosis. 

Resolution, — Much of that consolidation of the lung 
which is the most rapidly induced, and which is conse- 
quently owing to the presence of intra-alveolar exudation 
matter, may become absorbed. The resolution of the con- 
solidation may thus be complete, or after the absorption 
of the intra-alveolar products there may remain more or 
less infiltration of the alveolar walls. 

Fibroid Development — This, as has been seen, may 
take place in the growth in the alveolar walls, and also in 
the new interlobular tissue. The tissue which originates 
in the walls of the alveoli, however, being for the most 
part destitute of blood-vessels, is incapable of forming a 
very mature structure, although it may become developed 
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into an imperfect adenoid-like tissue, whicli may remain 
for some time permanent, and so contribute to the indu- 
ration of the lung. In the new interlobular tissue, there 
is not the same interference with the vascular supply, and 
hence this forms a much more fully developed and per- 
manent structure, and it is the principal source of the 
pulmonary fibrosis. The extent of this fibrosis is, for the 
most part, in direct proportion to the chronicity of the 
disease. 

Retrograde Metamorphosis. — It is this kind of change 
which leads to that caseation, softening, and disinte- 
gration which is so characteristic of phthisis, and which 
distinguishes phthisical from other forms of pneumonic 
consoHdation. A retrograde change in the inflammatory 
products is an invariable accompaniment of acute non- 
phthisical pneumonia. Much of the exudation matter and 
epithelium which fill the alveoli undergoes fatty and 
mucoid changes, and as the circulation becomes restored 
in the pulmonary capillaries, the degenerated products are 
absorbed, and the lung remains intact. In phthisical 
consolidation, however, this removal of the inflammatory 
products does not take place. The contents of the alveoli 
degenerate, but the degenerated products are not absorbed, 
and the consolidated lung undergoes a rapid or gradual 
process of disintegration. 

In studying the causes of this retrograde metamor- 
phosis, which constitutes so esssential a feature of the 
disease, it is undoubtedly principally due to conditions 
interfering with the circulation. Of these conditions, 
that which occupies the most prominent place is that 
cellular infiltration of the walls of the alveoli and smaller 
bronchi which is such a constant though very variable 
factor in phthisis. It has been seen that this infiltra- 
tion is especially characteristic of scrofulous inflamma- 
tions, and that it occurs in a modified form in those who 
are not markedly scrofulous, and also in all pulmonary 
inflammations which become chronic. When the infiltra- 
tion is marked, and especially when rapidly induced, the 



PDLMONAET PHTHISIS. 



423 



in amoant, bnt olao altered in character. In the earlier 
stages of ite development, when it contains nnmeroas 
email cellx, althonji^b many parts of it may resemble tbe 
growtlt in tbe alveolar walla, its atractnre is more like 
that met with as the result of chronic indurative pro- 
cesses in other or^ns. It has a, much greater tendency 
to become developed into a fibroid tisane than the 
alveolar t^rowth, and is rarely tbe seat of tboae retrograde 
changes which are so frequent in the tissue originatiug 
in tbe alveolar walls. As nsnally met with, it consieta 
either of wavy fibres or of a more or leas reticnlated 
rtTnctnre, with a varying number of round, spindle- 
shaped or branched cells. (Fig. 137.) Associated with it. 
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scrofulous. (See " Scrofalous Inflammatioii," Fig. 76.) 
This cellular infiltration sometimes leads to the produc- 
tion of small ulcers. These have thickened opaque edges, 
and when once formed they tend to increase. In addition 
to these changes in the bronchial mucous membrane, 
there is often a cellular infiltration of the peri-bronchial 
tissue, and here small nodules of new growth are fre- 
quently met with — especially around the smallest bronchi. 
The development of these nodules is probably due to the 
transmission of infective substances by means of the 
lymphatics from the bronchial mucous membrane (tuber- 
culosis). 

Pathology op Phthisis. — Having thus briefly described 
the various structural changes met with in the lungs in 
phthisis, it remains to consider the nature of the morbid 
processes upon which they depend. In the first place, it 
is evident that these changes are analogous to those which 
have been seen to occur in the several forms of pulmonary 
inflammation. The fibrinous exudation and leacocytes, 
and the accumalation of epithelial cells within the alveoli 
in croupous and catarrhal pneumonia, with, in ths more 
chronic cases, the ultimate infiltration of the alveolar 
walls ; and the increase in the interlobular connective 
tissue which characterises the interstitial process, closely 
resemble the phthisical lesions. These considerations, 
together with those derived from the study of the etiology 
of the disease, are sufficient to justify the conclusion that 
the morbid processes which lead to the consolidation 
and subsequent disintegration of the lung come within 
the category of inflcmvniation, and that the differences in 
the histological changes to which they give rise are 
mainly due to diflerences in the intensity, in the duration, 
and in the mode of origin of the inflammatory process. 

In considering the causes of these diflerences in the 
histological changes in the lungs, it is important to bear 
in mind what has been already stated respecting the 
variations in the character of the textural alterations in 
inflammation which are produced by diflerences in the 
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intensity and duration of the inflammatory process. (See 
*• Varieties of Inflammation.") When studying the pro- 
cess of inflammation it was seen that the most intense 
forms of the process were characterised by abundant 
fibrinous exudation and emigpration ; whereas in inflam- 
mations of less intensity the textural changes played a 
more prominent part. These textural changes also varied 
according to the intensity of the inflammation. In the 
least severe and most chronic forms these changes tended 
to be limited to the elements immediately adjacent to the 
blood-vessels and lymphatics, whereas in inflammations 
of somewhat greater intensity more distant elements be- 
came involved. Farther* whereas in the former case these 
changes usually resulted in the formation of a small-celled 
tissue which tended to become fibroid, in the latter, the 
more distant elements— being in most cases incapable of 
further development — ^tended to undergo retrogressive 
changes. In the lungs, the truth of these propositions 
WHS borne out by the differences which were seen to exist 
in the histological characters of the lesions in the various 
forms of pulmonary inflammation, and also in acute 
tul^erculosis. 

If the pathology of these inflammatory processes in 
the lungs be kept in view, the explanation of the difle- 
renct\» in the histological characters of the lesions in pul- 
monary phthisis becomes tolerably evident. In those 
ca$es in which the inflammatory processes are of slight 
int^^usity and of long duration, the most marked struc- 
tural change wUl consist in the development of a small- 
tvlKnl growth in the alveolar vralls and in the interlobular 
tissue— a growth which tends, more or less, to become 
devi^loped into a fibroid structure ; whereas in those cases 
in which the inflammation is of greater intensity, fibrinous 
l^xudation and emigration, and proliferation of the alveo- 
lar epithelium, will constitute more prominent parts of 
tW process. 

The intensity of the inflammatory process not only 
determines to a great extent the histological characters of 
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the pulmonary consolidation, but also the subsequent 
changes which take place in it. In those cases of phthisis 
in which the intensity of the inflammatory process is con- 
siderable, not only do the epithehum and exudation pro- 
ducts which have accumulated within tbe alveoH quickly 
degenerate and break down, but any small-celled tissue 
which may have been developed in the alveolar walls or 
around the terminal bronchioles also softens and dies, 
and thus the vitality of large tracts of the pulmonary 
consolidation may become destroyed. In those cases, on 
the other hand, in which the process is less intense, the 
small-celled growth produced in the alveolar and bronchial 
walls is more permanent, and there is an increase in the 
interlobular connective tissue. It is these two kinds of 
change, the one tending towards death, and the other 
towards progressive development, which produce the 
caseation and softening on the one hand, and the 
induration on the other, which, associated in such various 
degrees, make up the diverse physical characters of the 
phthisical lung. 

These various secondary changes which may take place 
in the pulmonary consolidation of phthisis must be con- 
sidered more fully. They are of three kinds — resolution, 
development into an imperfect fibroid tissue, and retro- 
grade metamorphosis. 

Resolution. — Much of that consolidation of the lung 
which is the most rapidly induced, and which is conse- 
quently owing to the presence of intra-alveolar exudation 
matter, may become absorbed. The resolution of the con- 
solidation may thus be complete, or after the absorption 
of the intra-alveolar products there may remain more or 
less infiltration of the alveolar walls. 

Fibroid Development. — ^This, as has been seen, may 
take place in the growth in the alveolar walls, and also in 
the new interlobular tissue. The tissue which originates 
in the walls of the alveoli, however, being for the most 
part destitute of blood-vessels, is incapable of forming a 
very mature structure, although it may become developed 
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into an imperfect adenoid-like tissue, which may remain 
for some time permanent, and so contribute to the indu- 
ration of the lang. In the new interlobular tissue, there 
is not the same interference with the vascular supply, and 
hence this forms a much more fully developed and per- 
manent structure, and it is the principal source of the 
pulmonary fibrosis. The extent of this fibrosis is, for the 
most part, in direct proportion to the chronicity of the 
disease. 

Retro^ade Metamorphosis. — It is this kind of change 
which leads to that caseation, softening, and disinte- 
gration which is so characteristic of phthisis, and which 
distinguishes phthisical from other forms of pneumonic 
consolidation. A retrograde change in the inflammatory 
products is an invariable accompaniment of acute non- 
phthisical pneumonia. Much of the exudation matter and 
epithelium which fill the alveoli undergoes fatty and 
mucoid changes, and as the circulation becomes restored 
in the pulmonary capillaries, the degenerated products are 
absorbed, and the lung remains intact. In phthisical 
consolidation, however, this removal of the inflammatory 
products does not take place. The contents of the alveoli 
degenerate, but the degenerated products are not absorbed, 
and the consolidated lung undergoes a rapid or gradual 
process of disintegration. 

In studying the causes of this retrograde metamor- 
phosis, which constitutes so esssential a feature of the 
disease, it is undoubtedly principally due to conditions 
interfering with the circulation. Of these conditions, 
that which occupies the most prominent place is that 
cellular infiltration of the walls of the alveoli and smaller 
bronchi which is such a constant though very variable 
factor in phthisis. It has been seen that this infiltra- 
tion is especially characteristic of scrofulous inflamma- 
tions, and that it occurs in a modified form in those who 
are not markedly scrofulous, and also in all pulmonary 
inflammations which become chronic. When the infiltra- 
tion is marked, and especially when rapidly induced, the 
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effect of the pressure which the young cells exercise upon 
the pulmonary capillaries is to obstruct the circulation, 
and so not only to prevent the absorption of any intra- 
alveolar products, but also to lead to necrotic changes. 

There are two other conditions which, although of less 
importance than the preceding, also tend to interfere 
with the circulation, and so to cause necrosis. These are 
the pressure which is exercised upon the pulmonary 
capillaries by the inflammatory products which have 
accumulated within the alveoli; and that tendency to 
stagnation of the blood-stream which is an invariable 
accompaniment of every intense inflammation. The 
operation of these conditions obtains in the most acute 
forms of phthisis. 

In addition to the interference with the circulation, an 
important element in the causation of the retrograde 
changes of phthisis is probably that inherent weakness 
of the lungs (usually inherited), which not only renders 
them especially susceptible to injury, but also, when in- 
jured, renders them abnormally incapable of recovering 
themselves from the inflammatory process which has 
been induced. 

In many cases of phthisis also, especially in the more 
chronic forms, secondaiy inflammation and ulceration of 
the pulmonary consolidation, resulting from the injurious 
influence of retained secretions and inflammatory pro- 
ducts, constitutes an important factor in the causation 
of the destruction of the lung. 

Etiology op Phthisis. — In studying the etiology of 
phthisis it will be necessary to consider, in the first 
place, that inherent pulmonary weakness which exists so 
frequently in this disease; secondly, to examine into 
the several methods by which injuries may be inflicted on 
the lung in such a way as to set up an inflammatory pro- 
cess ; and lastly, to point out in what way the occurrence 
and progress of the disease are influenced by the general 
health of the individual. 

Inherent pulmonary weakness, usually inherited but 
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into an imperfect adenoid-like tissne, which may remain 
for some time permanent, and so contribute to the indu- 
ration of the lung. In the new interlobular tissue, there 
is not the same interference with the vascular supply, and 
hence this forms a much more fully developed and per- 
manent structure, and it is the principal source of the 
pulmonary fibrosis. The extent of this fibrosis is, for the 
most part, in direct proportion to the chronicity of the 
disease. 

Retrograde Metamorphosis. — It is this kind of change 
which leads to that caseation, softening, and disinte- 
gration which is so characteristic of phthisis, and which 
distinguishes phthisical from other forms of pneumonic 
consoHdation. A retrograde change in the inflammatory 
products is an invariable accompaniment of acute non- 
phthisical pneumonia. Much of the exudation matter and 
epithelium which fill the alveoli undergoes fatty and 
mucoid changes, and as the circulation becomes restored 
in the pulmonary capillaries, the degenerated products are 
absorbed, and the lung remains intact. In phthisical 
consoHdation, however, this removal of the inflammatory 
products does not take place. The contents of the alveoli 
degenerate, but the degenerated products are not absorbed, 
and the consolidated lung undergoes a rapid or gradual 
process of disintegration. 

In studying the causes of this retrograde metamor- 
phosis, which constitutes so esssential a feature of the 
disease, it is undoubtedly principally due to conditions 
interfering with the circulation. Of these conditions, 
that which occupies the most prominent place is that 
cellular infiltration of the walls of the alveoli and smaller 
bronchi which is such a constant though very variable 
factor in phthisis. It has been seen that this infiltra- 
tion is especially characteristic of scrofulous inflamma- 
tions, and that it occurs in a modified form in those who 
are not markedly scrofulous, and also in all pulmonary 
inflammations which become chronic. When the infiltra- 
tion is marked, and especially when rapidly induced, the 
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in wUch such inJQrieB canse phthisic&l coiiBoliilaitJoii of 
tbe long. 

The promiaeat poeitioa which these injuries inflicted 
through tbe mediam of the bronchi occupies io the 
causation of phthisis, is shown bj the fact that the 
Imig-consohdation in this disease is, for the most part, 
lohulated in its diatribation. Gronpa of air-Tesiclea com- 
municating with the terminal bronchioles become impU- 
cated, and thus aie produced lobalar lesiona. (Fig. 13tj.) 

Fio. 138. 







Sbowliig ttie labalated character of th 
solidation. 6, cavity of bronchns containing 
mnens. v, a blood-TeBsel. k 50, redneod J . 



This lobnlated distribution of the phthisical consolidation 
is exceedingly characteristic, and even ia those acate 
cases, in which, owing to the rapid and eitensiye impli- 
cation of the lung, tlie consolidation may to the naked 
eye appear almost nniform (like a cronpons pnenmonia), 
the microscope will usoallj reveal a lobular character. 



PULMONARY PHTHISIS. 



431 



in wbich such injnriea canae phthiaicel conaolidation of 
the Ixmg. 

The prominent position which theee injariea inflicted 
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eaasation of phthisis, is ehown by the fact that the 
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mucuB. D, ft blood-vessel, x SO, redacvd ^ . 

This lobulated distribation of the phthisical consolidation 
is exceedingly characteristic, and even in those acute 
cases, in which, owiAg to the rapid and extenaive impli- 
cation of the lung, the consolidation may to the naked 
eye appear almost aniform (like a croupous pneumonia), 
the microscope will nsnally reveal a lobular character. 
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The last method by which injuries may be inflicted 
u^von the lungs is by means of infection. By this is 
understood the property possessed by certain inflamma- 
tory produotH — especially by those which have become 
caseous— of exeroising an injurious influence upon the 
immediately adjacent, and also upon distant tissues, and 
so leading to the development of secondary inflamma- 
tions, (See " Infective Inflammations.") Phthisical con- 
solidation of the lung frequently possesses, to a greater or 
lejis extent, this infective property, as a consequence of 
which the consolidation tends to spread and involve larger 
are^ of the pulmonary tissue ; and also, owing to the 
absorption and dissemination of infective particles, it 
tends to cause secondary inflammatory processes in its 
vicinity or in more distant parts. This infective property 
is precisely similar to that which has been seen to exist 
iu the focus of infection in acute tuberculosis; but 
whei'eas in this disease the dissemination of the 
infective particles takes place by means of the blood- 
vessels, in the more limited processes which occur in 
phthisis it is effected principally by the lymphatic vessels 
and serous canals. It is this more limited infection 
which gives rise to many of the nodules of induration 
which are so frequently met with in phthisical lungs. 
The infective process usually supervenes upon pre- 
existing? phthisis. 

There remains still one other factor which has a most 
im}K>rtant influence upon the causation of phthisis — the 
ge^ui^nil health of the iikdiv^idual. That the development 
and progress of phthisis is greatly influenced by the state 
of the general health is well known. That this should be 
so, will be readily understood if the inflammatory nature 
of the disease be kept in view, inasmuch as, in aU cases, 
the susceptibility of a living tissue to injury is, ccBteris 
piiHhusy greater, and the power of recovering itself from 
the eflect of the inflammatioii less, the lower the standard 
of the general health. 

Yakiktuss or Phthisis* — In condnsioii, allusion must 
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be made to the different varieties of pulmonary phthisis. 
How far is a subdivision of the disease into different 
pathological varieties admissible P Although the varia- 
tions observed in the physical characters of phthisical 
lungs and also in the clinical history of the disease, have 
led to its subdivision into different kinds, it appears to 
me that there are no pathological grounds for any such 
subdivision. The variations observed in the cHnical 
history of phthisis and in the physical characters of 
phthisical lungs are, I think, mainly to be ascribed to 
variations in the duration and intensity of the inflam- 
matory processes which give rise to the pulmonary con- 
solidation, and also to the parts which primary pulmonary- 
inflammation, bronchial inflammation, and infection, play 
respectively in the causation of the disease.* 



* For a more complete account of Pulmonary Phthisis, see — 
" The Pathology of Pulmonary Consumption," by the Author, 
1878. 
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CHAPTER XLVII. 

THE PEEPARATION AND MOUNTING OP 

SPECIMENS. 

In this, the concluding cliapter, it is proposed to describe 
very briefly the jnore common methods of preparing and 
mounting specimens for microscopical examination. It 
is not intended to give an account of those rarious and 
complex methods of investigation which are required for 
minute histological research, but merely to describe those 
more easy ones which suffice in the great majority of 
cases for the recognition of the structural alterations met 
with in disease. In order to be as brief as possible, those 
methods only will be described which I believe to be the 
most readily available and at the same time to yield the 
most satisfactory results. The subject will be treated 
under the following heads: — Ist. The Examination of 
Specimens whilst fresh ; 2nd. The Hardening of Speci- 
mens ; 3rd. The Making of Sections; 4th. Staining; 
6th. Preservation and Mov/ntvng. 

THE EXAMINATION OP SPECIMENS WHILST FRESH. 

Yery much may be learnt from the examination of 
specimens in their fresh state before they have been 
submitted to any hardening process. The examination 
may be conducted either by making thin sections of the 
tissue with a Valentin's knife, or by cuttiiig off a minute 
portion and tearing it to pieces with fine needles. The 
specimen prepared in either of these ways may be ex- 
amined in a 75 per cent, solution of chloride of sodium. 



THE HAEDENING OF SPECIMENS. 435 

or in glycerine. Thin membranons structures may 
"be examined by simply spreading them out in a drop of 
T^ater placed upon the glass slide, and then covering them 
^th glycerine. 

The method of making sections of organs whilst fresh 
-with a Valentin's knife is an exceedingly easy and useful 
-way of at once ascertaining in the post-mortem room the 
•existence of the more marked structural changes. The 
knife should be well wetted with water, and then drawn 
rapidlnf through the substance of the organ. The section 
Ihus obtained is gently washed in water before being 
•examined in saline solution or glycerine. A rough exami- 
nation of the liver, kidneys, and lungs is in this way readily 
made. 

The muscular fibres of the heart and tumours may be 
examined by the process of teasing. This process, how- 
•ever, is usually more readily effected after the specimen 
has been kept in Miiller's fluid or in a solution of bichro- 
mate of potash in the manner to be hereafter described. 
In the examination of tumours, much may be learnt by 
gently scraping the freshly-cut surface with a knife and 
examining in glycerine the elements which are thus sepa- 
rated. 

THE HARDENING OF SPECIMENS. 

In order to make a complete and satisfactory examina- 
tion of diseased structures, it is in almost all cases neces- 
sary to submit them to a process of hardening. By this 
process they are so altered that fine sections of them can 
be made, and the sections are also rendered more fit for 
permanent preservation than are those obtained from 
tissues in their fresh state. Numerous substances have 
been employed as hardening agents. Those, however, 
which are the most generally valuable are Muller*8 fluid, 
ch/romic acid, bichromate of potash, and alcohol. 

Mailer's Fluid, — Of all hardening agents this is the 
most satisfactory and the one most generally applicable. 
It is prepared in the following way : — 

F p 2 
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Take of— 

Potassium Bichromate 2 parts. 

Sodium Sulphate 1 part. 

Water 100 parts. 

Dissolve. 

The tissue should be kept in this solution for from one to 
two weeks, and then placed in common alcohol for two or 
three days, after which it is ready for making sections. 

The advantages of Muller's fluid are that it alters the 
macroscopical characters of tissues less than other hard- 
ening agents, and its penetrating powers are so great 
that it is not necessary to cut the tissue up into small 
pieces, but the whole organ may be placed in it. The 
tissue may be kept in it longer without injury than in 
other aqueous solutions. 

Miiller's fluid is also valuable for the maceration of 
tissues which are to be examined by teasing— as tumours, 
muscle, &c. Its action tends to facilitate the isolation of 
the elements. 

Ohromic Acid. — ^This is less generally applicable than 
the preceding. It should be used in aqueous solution- 
strength one-sixth per cent. It is important to employ 
the solution in large quantities — from six to ten fluid 
ounces for each specimen. The tissue must be cut with 
a sharp razor into small pieces — ^not much larger than a 
hazel-nut — ^before it is placed in the solution. The 
hardening is usually completed in from five to eight 
days. It is hastened by renewing the solution. If kept 
too long in the solution the tissue becomes brittle. All 
tissues which have been hardened in chromic acid should 
be placed in common alcohol for about twenty-four hours 
before sections are made. Chromic acid is preferable for 
hardening skin and mucous membranes. 

Bichromate ofFotash, — This agent is more gradual in 
its action than chromic acid, and produces less shrinking 
of the tissue. It is especially valuable for the hardening 
of kidney, blood-vessels, nferve-tissue, ovary, and some 
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other stractares, It is often advisable to commence tlie 
hardening with bichromate of potash, and then to com- 
plete it in chromic add or common alcohoL The bichro- 
mate is also valuable for the maceration of tissnes which 
are to be examined by teasing. The bichromate should 
be used in aqueous solution — strength about two per cent. 
It penetrates more readily than the chromic acid, and 
consequently it is not necessary to use quite such small 
pieces of the tissue. The tissue must be kept in the 
solution from two to three weeks, the solution being 
changed every four days. 

Alcohol. — ^This is most valuable as an agent for the 
completion of the hardening of tissues which have been 
previously placed in Miiller's fluid, chromic acid, or in 
bichromate of potash. The tissues should be kept in it 
one or two days. Some tissues, however, appear to harden 
better if they are at once placed in alcohol; amongst 
these are the lymphatic glands, spleen, and testis. Com- 
mon (methyHc) alcohol answers for all these purposes. 
Lastly, alcohol must be employed for the hardening of 
all tissues which have been injected. Absolute alcohol is 
often necessary for the completion of hardening of many 
tissues. 

The Softening of Tissties. — Some tissues, as osseous 
structures, tumours which have become calcified, &c., 
require to be softened before sections can be made. This 
may be effected by placing them in the one-sixth per cent, 
chromic acid solution, to each six ounces of which three 
or more drops of concentrated hydrochloric acid have 
been added. 

THE MAKING OF SECTIONS. 

Although various instruments have been contrived for 
making sections, the one which answers best is a common 
razor, or a similar blade firmly fixed in a wooden handle. 
The usefulness of this instrument is much increased if the 
lower surface of the blade be ground perfectly flat, whilst 
the upper is made slightly concave. 
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to stain it. The object of staining is to impart to the 
different portions of the tissue different shades of colour, 
so that its structure can be more readily recognised. The 
substances which are the most generally applicable for 
this purpose are logwood and ca/rmine. Of these, logwood 
is the preferable, inasmuch as it not only differentiates 
most tissues more completely, but it is a much more 
agreeable colour to work with. 

Btavnvag with Logwood, — ^The following is the method 
for preparing the logwood solution recommended by Dr. 
Klein : — 

Take of— 

Extract. Hsematox. 6 grammes. 

Alumen 18 grammes. 

Mix thoroughly in a mortar. 

Add gradually whilst stvrrmg — 

Distilled water 28 cub. cent. 

Filter. 
To the filtrate add — 

Spirit. Beet 1 drachm. 

The solution must be kept in a stoppered bottle for a few 
days before being used. 

For staining^ several (5-10) drops are to be added to 
half a watch-glass of distilled water. The thus diluted 
solution should be filtered before being used. Sections 
which have been removed from common alcohol are to 
be placed in the dilute solution for from ten to twenty 
minutes, and then to be washed in distilled water. 

Gradual Staini/n^g with Weak Ca/rmi/rie. — In staining 
with carmine two methods may be employed: — the one 
consists in using a strong solution, so as to stain rapidly; 
the other in staining very gradually with a much less 
concentrated liquid. Of these, the method of gradual 
staining with weak solutions yields the most satisfactory 
results, inasmuch as by this means the differentiation of 
the tissue is rendered more complete than when the colo- 
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ration is rapidly induced. The process of rapid staining 
with strong carmine is, however, the most convenient, and 
it yields, in most cases, sufficiently satisfactory results. 

The following is the method for gradual staining 
recommended by Dr. Klein: — 

Take of— 

Powdered Carmine 2 grammes. 

Eub it up with a few drops of Distilled Water. 

Add — 

Liquor Ammonias fort. . . .• . 4 cub. cent. 

Distilled Water 48 cub. cent. 

Mix together with a glass rod, and filter. 
The solution to be kept in a stoppered bottle. 

For staining, take one drop of the above solution, and 
add to it from nine to twelve drops of distilled water. 
Sections, which have been removed from common alcohol, 
to be placed in this from sixteen to twenty-four hours. 

Rapid Stainvng with Strong Carmine, — ^To stain ra- 
pidly, the sections may be placed in the above strong 
solution of carmine without the addition of water. In 
this case the strong solution of carmine should have been 
kept exposed to the air for a sufficient length of time to 
allow the excess of ammonia to escapa It is consequently 
advisable to have two bottles of strong carmine solution 
— one for rapid, and the other for gradual staining. 

The time required for rapid staining is from thirty 
seconds to five minutes. This, however, will vary very 
considerably according to the nature of the tissue to be 
stained. A knowledge of the amount of time which 
yields the best results will be readily learnt by a little 
I>ractice. 

The sections when removed from the carmine staining 
solution must be washed for a few seconds in distilled 
water containing one-quarter per cent, of acetic acid. 
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PRESERVATION AND MOUNTING. 

When the section has been stained, it is ready to be pre- 
pared for mounting permanently. The two substances in 
which tissues are most commonly mounted are glycerine 
arid Dammar varnish. Of these, the latter should be em- 
ployed in all cases in which the preservation of the section 
is intended to be permanent. Many tissues, however, 
yield more satisfactory results when examined in gly- 
cerine ; but they cannot be preserved in this liquid for 
^^7 great length of time without undergoing some 
alteration. 

The methods of mounting in Dammar varnish and 
glycerine must be described separately. 

Mounting in Dammar Varnish, — ^When the section is 
to be mounted in Dammar — it having been already 
stained and washed — ^it must first be placed in absolute 
alcohol for about a quarter of an hour. From the alcohol 
it must be transferred to oil of cloves, the superfluous 
alcohol having been first removed from the section by 
blotting-paper. In the oil of cloves it becomes, in a few 
seconds, quite transparent. The superfluous oil must 
be removed by blotting-paper, and the section is then 
ready for mounting in the Dammar varnish. If more 
convenient, it may be kept for one or two days in the oil 
of cloves before it is mounted in the Dammar. In order 
to make the specimen still more secure, a layer of the 
varnish may be placed round the edge of the covering 
glass a few days after the section has been mounted. 

The following is the method for preparing the Dammar 
varnish :— 

Take of— 

Gum Dammar in powder i oz., and dissolve it in 

Turpentine 1| oz. Filter. 
Gum Mastic ^ oz., and dissolve it in Chloroform 

2 oz. Filter. 
Mix the two filtered solutions, and again filter. 
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Mounting in Glycerine, — When the section is to] be 
mounted in glycerine no further preparation is necessary. 
It is' simply washed in distilled water and at once trans- 
ferred to a drop of strong glycerine upon the slide. The 
edges of the covering glass must then be fastened down 
with some cementing liquid. The Dammar varnish an- 
swers exceedingly well for this purpose. 
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A BSCESS, 264 

-^ in connective tissue, 327 

of bone, 331 

of brain, 391 

of kidneys, 375 

of liver, 369 

of lungs, 400 

of lymphatic glands, 35] 
Acute miliary tuberculosis, 277 
Adenomata, 157 

,, of mammary gland, 159 

,, of mucous membranes, 160 

Adeno-myxoma, 158 

,, -sarcoma, 158 
Adipose tissue, atrophy of, 22 
if „ growth of, 36 

Alimentary canal, lardaceous degeneration of, 82 
Amyloid degeneration, see " Lardaceous deceneration*' 
Anaemia, local, 203 ^ 

„ splenica, 244 
Angiomata, 151 
Aneurism, from arteritis, 338 

„ „ embolism, 236 

Arteries, atheroma of, 336 
„ calcification of, 88 
„ fatty degeneration of, 51 
„ inflammation of, 336 
„ in chronic Bright's disease, 388 
„ in syphilis, 317 
„ terminal, 204 
Atheroma, 336 
Atrophy, 22 

„ causes of, 24 

„ numerical, 23 

„ physical characters of, 28 

„ simple, 22 

of adipose tissue, 22 



if 



l> 
11 
11 
11 



446 INDEX. 

BACTERIA, 304 
Blood, as cause of disease, 2 

„ alteration of, in malignant growths, 109 
„ ante-mortem coagulation of, see " Thrombosis" 
„ post-mortem coagulation of, 223 
Blood-corpuscles, as source of new formations, 113 

as source of pus, 265 
emieration of, in inflammation, 253 
exudation of, in mechanical hyperaemia, 211 
Blood-cysts, 175 
Blood-vessels, calcification of, 88 

changes in, in inflammation, 263 
in local ansemia, 204 
fatty degeneration of, 51 
inflammation of, 336 
lardaceous degeneration of, 72, 76 
new formation of, see "Angiomata" 
Bone, atrophy of, 29 
„ caries of, 332 
„ inflammation of^ 330 
„ necrosis of, 332 
,, sclerosis of, 331 
Brain, abscess of, 391 
„ embolism in, 241 

„ fatty degeneration of, Me " Cerebral softening." 
„ inflammation of, 390 
„ inflammatory softening of, 391 
„ softening of, from embolism, 241 
„ red softeuing of, 62, 241 
„ sclerosis of, 392 
„ thrombosis of, 240 
„ tubercle of, 289, 291 
„ white softening of, 61 
„ yellow softening of, 61 
Brown atrophy of heart, 58 
„ induration of lungs, 215 

/CACHEXIA, cancerous, 107 
^ Calcareous degeneration, 84 

„ „ of arteries, 88 

•Cancer, see " Carcinoma" 
Capillaries, fatty degeneration of, 53 
Carcinoma, 178 

„ adenoid, 194 

„ blood-vessels of, 181 

„ cells of, 179 

„ clinical characters o^ 195 

„ colloid, 188 
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Carcinoma, development of, 181 
„ encephaloid, 187 

„ epithelial, 190 

„ lymphatics of, 181 

„ melanotic, 184 

„ osteoid, 184 

„ scirrhus, 184 

„ secondary changes in, 183 

„ stroma of, 180 

„ structure of, 178 

,, varieties of, 184 

Oarcinomata, 178 
Caries, 332 

Carmine for staining, 439 , 

Cartilage, erosion of, 321 

„ inflammation of, 320 

Caseation, 49 

„ of products of scrofulous inflammation, 274 
„ of tubercle, 286 
Caseous masses, pathological significance of, 50 
Catarrh, 357 

Cell, as seat of nutrition, 5 
„ definition o^ 12 
„ limiting membrane of, 7 
„ nucleus of, 8, 9 
„ protoplasm of, 7, 9 
Cells, constitution of, 6 
„ genesis of, 10 
„ "indifferent," 114 
„ multiplication of, 10 
„ physiology of, 8 
Cell- wall, nature of, 7 
Cerebral softening, 59 
Cicatricial tissue, 327 
Cirrhosis, biliary, 372 
„ of liver, 370 
Clots, ante-mortem, 224 
„ post-mortem, 223 
Cloudy swelling, 258 
Colloid cancer, 188 
„ degeneration, 63 
„ of muscle, 66 
Condylomata, 165 
Congestion, see "Hypewemia" 
Connective tissue, fatty infiltration of, 36 
)i „ inflammation of, 324 

V „ suppuration of, 327 

Cornea, inflammation of, 322 
Corpora amylacea, 82 
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Corpuscles, exudation, 47 
Croup, 362 
Cystic-sarcoma, 165 

Cysts, 198 

„ classification of, 201 
„ modes of origin of, 198 
„ secondary changes in, 200 
„ structure of, 199 

DAMMAR varnish for mounting, 441 
Degeneration, 32 ^^ 

amyloid, see " Lardaceous 

calcareous, 84 

causes of, 33 

colloid, 64 

fatty, 35 

lardaceous, 68 

mucoid, 63 

pigmentary, 89 
Diphtheria, 362 
Disease, definition of, 1 
Dysentery, 362 

EMBOLISM, 232 
as cause of aneurism, 236 
„ in brain, 241 

„ results of, 236 

Emigration of white blood-corpuscles in inflanmiation, 253 

Emphysema, 30 
Encephaloid cancer, 187 
Enchondromata, 130 
Enchondroses, 132 
Endocarditis, 341 

acute, 343 

chronic, 345 

ulcerative, 344 
Epithelioma, 190 

„ cylindrical, 194 

EpuUs, 126, 175 
Exostoses, 136 
Exudation corpuscles, 47 
Exudation in inflammation, cause of, 263 

of liquor sanguinis in inflammation, 255 
in mechanicsd hypersemia, 210 









'AT, absorption of, 49 
„ as cause of embolism, 233 
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Fat, source of, in fatty degeneration, 36 

** n M iniiltration, 40 

ratty degeneration, 36 

f> M causes of, 36 

M f, of arteries, 51 

f» )} of brain, 69 

)* »} of capillaries, 63 

ft )• of heart, 66 

*y n of kidneys, 68 

M M of muscle, 64 
,, infiltration, 40 

»» n of connective tissue, 36 

If a of heart, 42 

i» n of liver, 43 

»» M of muscle, 41 

Fibroid induration, as result of inflammation, 268 

»» »> »} of mechanical hyperwmia, 21*2 

»» »> y* of syphilis, 312 

„., »» n of heart, 346 

Fibromata, 124 

Fibroplastic tumour, tee " Sarcomata, spindle-celled." 

nANGRENE, see " Necrosis" 
^^ t, senile, 21 

Genesis of cells, 10 
Giant cells, 282 
Glioma, 172 

Glomerulonephritis, 384 
Gluge, corpuscles of, 47 
Grey degeneration, 392 
Gummata, 313 

TJ^MATOIDIN, 90 
-*"^ Heemorrhagic infarct, 238 
Heart, brown atrophy of, 68 
„ changes in pyrexia, 101 
„ fatty dM;eneration of, 55 
,,. M infiltration of, 42 
„ fibroid induration of, 346 
,, inflammation of, 341 
Heterology, 116 
Hodgkin's disease, 146 
Homology, 116 
Horns, 155 
Hyperaemia, 205 

„ active, 205 

,, as cause of new growth, 103 

,, mechanical, 208 

„ of liver, 213 
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450 INDEX. 

Hypersemia of lungs, 215 

,, post-mortem appearances of, 216 

Hyperplasia, 105 
Hypertrophy, 105 

1 NFARCT, 238 
-* Infiltrations, 34 
Infiltration, fatty, 40 
Inflammation, 250 

acute, 267 

alterations in nutrition in, 257 

as cause of necrosis, 14 

causes of blood-stasis in, 261 

changes in the blood-yessels and circulation 

in, 251 
chronic, 268 
croupous, 359 
diphtheritic, 359 
emigration of red blood-corpuscles in, 254 

,, of white blood-corpuscles in, 253 

exudation of liquor sanguinis m, 255 
fibrinous, 359 
formation of pus in, 264 
idiopathic, 270 

infective, 270 

scrofulous, 274 

specific, 271 

stasis in, 253 

terminations of, 271 

traumatic, 270 

varieties of, 267 

of arteries, 336 

of blood vessels, 336 

of bone, 330 

of brain and spinal cord, 390 

of cartilage, 320 

of common connective tissue, 324 

of cornea, 322 

of heart, 341 

of kidneys, 375 

of liver, 369 

of lungs, 395 

of lymphatic structures, 350 

of mucous membranes, 357 

of serous membranes, 365 

of veins, 339 
Inflammatory new formations, nature of, 104 

fever, see " Surgical fever" 

stasis, 253 
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INDEX. 451 



Interstitial hepatitis, 870 

,, nephritis, 376, 385 

,, pneumonia, 407 

Intestine, lardaceous degeneration of, 81 
tuberculosis of, 293 
typhoid ulceration of, 354 






1^ IDNEY, abscess of, 375 
-*^ fatty degeneration of, 58 

inflammation of, 375 
interstitial nephritis, 385 
lardaceous degeneration of, 76 
leuksemic growth in, 249 
surgical, 376 

scarlatinal nephritis, 383 
suppurative nephritis, 375 
tubal nephritis, 379 
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LARDACEOUS degeneration, 68 
,, ,, of alimentary canal, 81 

,, of kidneys, 76 

of liver, 74 

of lymphatic glands, 81 
of spleen, 79 
substance, nature of, 69 

reactions of, 70 
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source of, 73 
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Leucocytosis, 243 
Leukaemia, 2i43 
Leukaemic growths in kidney, 249 
,, ,, in liver, 248 

,, „ in lymphatic glands, 247 

,, ,, in spleen, 247 

Lipomata, 128 
Liver, abscess of, 369 

acute inflammation of, 369 
acute yellow atrophy of, 374 
changes in, in pyrexia, 100 
cirrhosis of, 370 
fatty infiltration of, 43 
lardaceous degeneration of, 74 
leuksemic growths in, 248 
nutmeg, 213 

syphilitic growths in, 318 
Logwood for staining, 439 
iiungs, abscess of, 400 

,, broncho-pneumonia, 401 
,, brown induration of, 215 
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INDEX. 453 

Mucous membranes, croupous inflammation of, 359 

,, ,j fibrinous inflammation, 359 

,, „ tuberculosis of, 293 

Muller's fluid, 435 
Mummification, 17 
Muscle, fatty degeneration of, 54 

„ fatty infiltration of, 41 

,« in tjrpboid fever, 66 
Myeloid tumour, 173 
Myelitis, 391 
Myocarditis, 345 
Myomata, 149 
Myoma of uterus, 150 
Myxomata, 138 



NECROBIOSIS, 24 
Necrosis, 13 

,, causes of, 13 
„ evidences of, 16 
„ terminations of, 20 
Nephritis, 8ee " Inflammation of Kidney." 
New formations, 103 
Nervous system, as cause of atrophy, 28 

„ „ disease, 3 

Neuromata, 150 
Nucleoli, 8 
Nucleus, 8 

,, function of, 9 
Nutrition, arrested, 13 

definition of, 2 
impaired, 22 
increased, 103 
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nSTEOMALACIA, 333 
^' Osteomata, 135 
Osteo-chondroma, 132 
Osteoid sarcdbia, 170 
Osteophytes, 136 

PAPILLOMATA, 153 
Periostitis, 331 
Pia mater, tuberculosis of, 289 
Phlegmasia dolens, 230 
Phthisis, pulmonary, 415 

„ „ *' coUiers'," 96, 410 

i, „ etiology of, 429 

„ „ histology of, 416 



454 INDEX. 

Phthisis, polinonary, older doctrines resjiecting, 415 
,, M pathology of, 425 

,, ,, tubercle in, 4] 6 

,, ,, varieties of, 432 

Pigment, source of, 89 
Pigmentary degeneration, 89 
Pigmentation, false, 93 

,, of lungs, 94 

„ of sputum, 95 

Pneumonia, broncho or catarrhal, 401 
croupous, 395 
hypostatic, 406 
interstitial or chronic, 407 
Post-mortem staining, 18 
Protoplasm, 7, 9 

, , coagulation of, after death, 20 

Psammoma, 127 
Pus, characters of, 264 

,, origin of, 265 
Pulmonary phthisis, see '* Phthisis, pulmonary'' 
Pyaemia, 302 

,, pathology of metastatic abscesses in, 310 
,, relation of, to septicaemia, 309 
Pyrexia, tissue changes in, 99 






REGENERATION, 103 
Rickets, 334 
Rigor mortis, 18 

nature of change in muscle in, 19 
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SAGO spleen," 79 
Sarcomata, 162 

alveolar, 173 

clinical characters of, 176 

cystic, 165 
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,, melanotic, 168 

„ myeloid, 173 
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osteoid, 170 
round- celled, 171 
spindle-celled, 166 

Scarlatina, kidney changes in, 383 

Scirrhus cancer, 184 

Sclerosis of bone, 331 
„ of nerve, 392 

Scrofulous inflammation, 274 

Senile gangrene, 16 

Septicaemia, 302 
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SepticsBmia, bacteria in, 304 

„ nature of poison, 304 

,, relation to pyaemia, 309 

Serous effusion, as result of iuflammation, 255, 269 

>» » „ of mechanical hypersemia, 210 

Serous membranes, inflammation of, 365 
Slough, separation of, 20 
Specimens, examination of, whilst fresh, 434 
,, hardening of, 435 

imbedding of, 438 
making sections of, 437 
mounting of, 441 
,, preservation and mounting of, 441 

„ softening of, 437 

,, staining of, 438 

Spinal cord, inflammation of, 390 

,, sclerosis of, 392 

Spleen, lardaceous degeneration of, 79 
„ leuksemic, 247 
„ in typhoid fever, 352 
Splenic anaemia, 244 
Staining of sections, 438 
Suppuration, 264 
Syphilis, 312 

,, arterial changes in, 317 
fibroid changes in, 312 
gummata in, 313 
nature of lesions in, 312 
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THROMBOSIS, 218 

„ causes of, 218 

„ results of, 228 

Thrombus, 224 

,, organisation of, 224 

,, softening of, 227 

Traumatic fever, 302 
Tumours, 106 

,, classification of, 123 

,, constitutional predisposing causes of, 106 

,, development of, 112 

,, direct exciting causes of. 111 

„ etiology of, 106 

,, origin of, from emigrant cells, 109 

„ relation of, to the surrounding tissues, 117 

,, retrogressive changes in, 118 
Tubercle, 277 & ^ ^o 

histology of, 282 
in pulmonary phthisis, 416 
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" !t«btfr<*&, order ^octrfnes respecting, i^77, 4]^ ^ 
' Tuberoalosis, acute, 277 

artificial production of, 278 
giant cells in, 282 
infective nature of, 278 
limited to single (frgans, 287 
nature of lesions in, 28^ 
of lungs, 295 
of lymphatic glands, 292 
of mucous membranes, 293 
of pia mater, 289 
,, source of infection in, 280 

Tubercular meningitis, 289 
Typhoid fever, 352 

,, muscular change in, 66 

ULCERATION, tubercular, of intestine, 294 
,, . typhoid, of intestine, 354 
Uterus, myoma of, 150 



' \7ACU0LATI0N, 11 

^ Veins, inflammation of, 339 
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WARTS, 155 



Wens, 126 



THE END. 
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